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Space  Charge  Waves  In  Electron^ Streams 
A  surrey 

by  V.N. Shev chik  and  Q.N. Shv edov 
1 .  Introduction 

One  of  the  tendencies  in  the  modern  development 
of  super-high  frequency  electronics  is  utilization  of 
the  principle  of  amplification  and  generation  of  electro¬ 
magnetic  oscillations  through  excitation  of  space  charge 
waves  in  electron  streams.  Besides,  implied  under  space 
charge  waves  is  wave-like  propagation  of  disturbances 
of  density,  current,  field  strength  and  velocity  in  the 
electron  beam,  the  propagation  velocity  of  these  distub- 
ances  depending  on  the  space  charge  density  in  the  stream 
An  important  foundation  for  developing  electronic 
wave  ideas  in  super-high  frequency  electronics  was  laid 


P by  the  works  of  Hahn,  and  Raise  £"  1 , 2  Jf  who  introduced 

the  conception  of  space  charge  waves,  based  on  the  fact 
that  plasma  oscillations  of  electrons  in  a  travelling 
stream  can  be  described  mathematically  in  the  form  of 

-  a  wave. 

In  the  general  case  many  various  types  of  space 
charge  waves  can  exist  in  the  electron  stream;  whereupon 
for  some  of  them  the  laws  of  variation  of  radial  and  an¬ 
gular  amplitude  components  are  fairly  complex.  Two  waves 
however,  one  of  which  travels  faster  than  electrons,  the 
other  slower  than  electrons,  play  the  chief  role.  The 

ft 

interference  between  these  two  waves  is  analogous  to  '-a. 
longitudinal  standing  wave  in  an  elastic  bar  which  is 
travelling  with  a  certain  velocity  relative  to  an  un- 
mo  v  in  g  observer.  Along  the  electron  beam  occurs  periodic 
rotation  of  areas  In  which  there  is  strong  modulation  of 
electron  velocity  and  modulation  of  density  is  absent, 
with  areas  in  which  there  is  strong  density  modulation 
and  velocity  modulation  is  absent.  This  standing  wave 
of  variable  velocity  or  density  components  Is  character¬ 
ized  by  a  long  wave  depending. on  voltage,  current  dens¬ 
ity  and  the  geometry  of  the  electron  beam  and  conductors 
surrounding  It,  and  is  called  a  plasma  long  wave. 

The  importance  of  the  works  of  Hahn  and  Ramo  was 

*  2  • 
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r not  understood  for  a  long  time*  Understanding  was  to  some1 
extent  hampered  by  the  Intensive  development  of  the  kine¬ 
matic  approach  to  analysis  of  the  electronics  of  super- 
high  frequency  devices, • an  approach  attractive  for  its 
pictorial  nature,  based  on  study  of  the  travel  of  elec¬ 
trons,  disregarding  their  natural  interaction*  The  signi¬ 
ficance  of  these  works  has  become  fully  apparent  only  in 
the  last  decade  when  it  was  demonstrated  that  the  ampli¬ 
tude  of  space  charge  waves  can  under  certain  conditions 
be  Increased  with  distance. 

Development  of  the  electronic  wave  theory  led  to 
the  emergence  of  ideas,  new  in  principle,  about  the  beha¬ 
viour  of  electron  streams  at  super-high  frequencies  and 
to  the  development  of  new  electronic  devices,  the  working 
principles  of  which  are  based  on  the  use  of  oscillating 
phenomena  in  the  electron  beams  themselves,  which  bring 
about  amplification  of  space  charge  waves, and  are  not  con¬ 
nected  with  the  use  of  any  kind  of  ’'material *'  oscillating 
systems. 

The  theory  of  space  charge  waves  has  at  present 
been  broadly  elaborated  and  has  proved  very  fruitful.  It 
affords  the  possibility  not  only  of  explaining  a  number 
of  experimental  facts  heretofore  not  understood,  but  also 
to  forecast  new  possibilities  in  the  utilization  of 
L 
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[-electron  streams  for  amplification  and  generation  of 
super-high  frequency  oscillations,  lowering  of  the  noise 
level  in  super-high  frequency  devices  and  so  forth.  The 
numerous  available  works  devoted  to  apace  charge  waves, 
in  electron  beams  have  not.  however,  to  tne  present  time 
been  systematized  in  sufficient  degree.  In  this  article  an 
attempt  is  made  to  fill  in  this  gap.  If  only  to  some  extent. 
Given  in  it  is  a  systematic  examination  of  electronic  wave 
processes  in  various  electron  streams*  At  the  same  time 
the  authors  deemed  it  expedient  to  dwell  only  on  such  cir¬ 
cuits  In  which  the  electronic  wave  phenomena  play  tn©  para¬ 
mount  role.  For  this  reason  systems  like  the  travelling 
end  revertive  wave  tubes  are  not  examined;  in  them  the 
electronic  waves  play  merely  the  role  of  correction  to  the 
main  electromagnetic  events  taking  place  in  external  oscil¬ 
lation  circuits. 

In  the  analysis  the  following  system  of  equations 


was  used. 

1.  Maxwell  Squatlons.  In  calculating  the  vector 
fields  in  the  surrounding  streams  of  a  waveguide  system, 
the  generalized  wave  equation  is  solved. 


&E-~ 


&o  !*& 


d*E 

(fP 
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t ) 


or  the  Maxwell  equations  written  through  the  scalar  pot¬ 
ential  and  the  magnetic  vector  potential  it.  Joined  j 
L  ' 


,  4  . 


to  it  is  the  continuity  equation 

divi  =  -  •  (  1.2) 

If  only  the  potential  fields  connected  with  the 
Coulomb  interaction  of  electrons  are  taken  into  account,, 
the  equations  for  potential  fields. /"  3 „7  ar®  solved  joint 
ly  with  the  continuity  equation,  for  example: 


<► 

A  p 

,  _1~~~  -4-  /  —  0  • 

®  dt  ‘  ’ 

(1.35 

dt  . 

(1.3*3 

The  solution  of  the  field  equations  must  satisfy 
the  conditions  of  the  continuity  of  tangential  components 
E  and  if  on  the  surface  of  the  beam,  and  surrounding  con¬ 
ductor, 

2.  Equation  of  movement  (  in  Euler  variables) 

£%  fy**  *  -r 

+  Vxtl)~  —  +  (W)  i* .  ^ 

In  ease  it  is  necessary  to  take  into  account  the 

kinetic 

scattering  of  electrons  in  velocities,  th©7equatlon  for 
the  function  of  electron  distribution  is  used  instead  of 
(1.4). 

All  of  the  equations  enumerated  do  not  take  into 
{account  the  collisions  of  electrons, which  are  quite 
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r admissible  In  the  majority  of  oases  in  the  super-high 

T*t*>  ^ 

frequency  band  /  3*,/ * 


V  V 


on  for*  convection  current 

-  '  - - - '  -rstM 


L  4  /  Cm  4*  P>  4-  V) 


{  1.5) 


in  which  i'o>Po  *Ttb  are  the  constant  components  of  current 
density,  charge  density  and  velocity,  and  itp  &  are 
their  variable  components  ( ^ ,  for  electrons  is  negative). 

II  Space  Charge  Waves  of  Constant  Amplitude 

In  this  section  will  be  examined  space  charge  waves 

have 

in  various  electron  streams  whi ch/Tn  common  the  character-- 
that 

isti c7Bie  space  charge  waves  being  propagated  in  them  do 
not  change  their  amplitude  with  distance. 

1.  The  Infinitely . extend 

stream 


In  the  one-dimensional  stream  of  infinite  length 
Pa  and  “tre  do  not  depend  on  coordinates  and  time;  the 
variable  magnitudes  are  changed  only  la  the  direction  of 
the  axis  2*  Constant  electrical  fields  are  absent  in  the 
circuit  examined ;  the  variable  electrical  field  £  Is  dir¬ 
ected  along  axis  Z. 

The  analysis  of  this  and  all  subsequent  sections 
le  based  on  the  small  signal  assumption  {  we  disregard 
terms  with  product  of  variable  values).  < 
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Taking  into  account  the  Indicated  assumptions,  “1 
equations  (1.4), {1.2}  and  (1.5)  assume  the  fora? 


eh*  .  dv  $  Z  „ 
Jf-%«  dz  »?  * 


di  dp 

**  «—  -W-  t 

CZ  <j£ 


{  p  ©x  "h  ®  * 


(II.  t) 


(II. 2) 


(II. 3) 


Excluding  from  equations  (II, t (II.2) ,  (II. 3) p 
and  V  ,  a  linear  differential  equation  can  be  derived  in 
partial  derivatives  connecting  i  and  E; 


a*  f  u'“  /  2  d®  i  » 

— ~ — „  4~  o  -j-  'i'o  — TtV  ’ 

3f5  r  0  dzdi  dz* 


d£ 

dt  * 


(II. 4) 


Since  field  E  is  created  by  variable  charges  in  the 
electron  stream  itself,  the  full  current  law  (1.3)  can 


be  used  as  a  second  equation  connecting  L  and  E.  Sub¬ 
stituting  it  in  (II. 4} ,  we  derive 
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s  **-  0 . 


(II. 5) 


The  partial  solution  of  the  derived  linear 
differential  equation  In  partial  derivatives  with  con¬ 
stant  coefficients  can  be  written  in  the  fora 


i  ssr  Ae 


i  («it —  r?) 


(II. 6) 
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The -assumption  that  the  variable  values  have  the 
form  (II. 6)  in  which  A  In  the  general  case  depends  on  the 
transverse  coordinates, will  be  widely  used  subsequently. 


This  assumption  is  just  for  the  following  conditions s 
-  (1)  constant  parameters  of  beam  (  density,  velocity,  beam 


section)  and  surrounding  system  (  diameter  of  drift  tube 
and  ao  forth)  do  not  depend  on  coordinates  z,  although 
they  can  be  functions  of  transverse  coordinates; (2)  the 
signal  amplitude  is  sufficiently  small  that  terms  contain¬ 
ing  squares  of  variable  values  might  be  disregarded; (3) the 
electron  beam  doe©  not  hav©  velocity  distribution 

The  substitution  of  (11,6)  in  ( II. 5)  leads  to  the 
dispersion  equation,  the  solution  of  which  gives  two  values 
for  Ti 


l  as. 


t-0  v0 


(II.?) 


in  which.  “p  **  |/  ~~r~*  is  plasma  frequency. 

Taking  into  account  ( II.7) ,  ( 11,6) ,  (II.  1  —11,3), 
an  expression  can  readily  be  derived  for  all  variable  va¬ 
lues; 
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l±% 


7  *  jr*-fr+w*i  ,  . 

i  ~  A j  r  .  -f-  Aze  \ 

A,e  + — ““  e  : 


(II.  8) 
(II. 9) 
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The  first  terms  hers  refer  to  the  slow  wave,,  and. 
the  second  to  the  fast .We  will  analyse  the  behaviour  of 
the  velocity  and  current  waves.  From  (XX. 15),  it  is  evi¬ 
dent  that  the  two  waves  of  velocity  begin  their  travel  in 
phase.  In  the  initial  plane  %-  0  therefore,  the  ampli¬ 
tude  of  the  variable  velocity  component  is  equal  to  the 
sum  of  the  wave  amplitudes.  But  since  the  two  waves  dif¬ 
fer  in  velocity  of  propagation,  it  should  be  expected 
that  the  phase  difference  accumulating  In  proportion  to 
travel  will  at  some  point  amount  to  180°,  and  the  wave® 
are  mutually  cancelled.  After  the  passage  of  another  such 
segment  the  waves  are  again  composed  in  phase  ’and  give 
the  maximum  amplitude  etc.  Along  the  beam  a  standing  wave 
of  variable  velocity  component  is  thus  formed.  The  current 
variation  along  the  beam  is  analogous,  but  inasmuch  aa  the 

current  waves  begin  their  travel  in  phase  opposition 

L  J 
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r 

(IX.13),  the  standing  wave  of  current  is  shifted  in  space 

with  respect  to  the  standing  wave  of  velocity  by  a  quar¬ 
ts  -p  1/0 

ter  length  of  the  plasma  wav©  .  ,  The  period- 


2«*>p 


¥ 

laity  of  antipodes  (  or  nodes)  ©f  the  standing  waves  of 

current  and  velocity  amounts  to  -A& .  The  dependence  of 

-  *'  -  2 

l  and  y  on  2  in  the  fixated  moment  of  time  is  given 
in  Fig*  1, 


If# 


Fig*  1 

At  each  point  the  velocity  and  current  vary  har¬ 
monically  with  the  phase  shift  -4|»  ,  whereupon  the  ampli- 
tude  of  oscillations  depends  on  7„.  The  origin  of  such  a 
picture  becomes  graphic,  if  electron  travel  beyond  the 
modulator,  taking  into  account  the  forces  of  charge  repul¬ 
sion,  be  represented  in  coordinates  2,  ~t  {Fig,  2).  On  escape 
from  the  modulator,  the  electrons  have  different  velocit¬ 
ies  (  varied  slope  of  travel  curves)?  the  variable  current 
is  equal  to  zero.  In  proportion  to  travel,  condensations 


p&nd  rarefactions  are  formed  on  account  of  the  difference  ! 
in  velocities  and  the  overtaking  of  some  electrons  by 
others,  alternating'  current  arises.  At  the  same  time 
-  the  space  charge  forces  arising  in  the  electron  condens¬ 
ations  retard  the  fast  electrons  and  accelerate  the  slow 
electrons,  which  had  emerged  from  the  modulator  earlier 
and  therefore  proved  to  be  ahead.  In  this  way  the  denser 
the  clusters  •(  the  greater  the  alternating  current  ampli¬ 
tude),  the  more  the  velocities  of  the  electrons  are  equa¬ 
lised  (  the  less  the  amplitude  of  the  variable  component 
of  velocity) .  .,At  the  point  of  maximal  density  the  velo¬ 
cities  of  all  electrons  are  equal,  and  the  amplitude  of 
the  variable  component  of  velocity  is  equal  to  zero  (com¬ 
pare  Fig.  I  and  2).  Further  the  cluster  of  electrons 


Fig*  2 

begins  “to  fall  apart “s  the  electrons  of  the  cluster’s 
forward  part  are  accelerated  while  the  electrons  going 
behind  are  retarded.  The  velocities  of  the  electrons 
j become  increasingly  different,  while  the  beam  density  Is — 1 
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equalized.  The  difference  in  velocities  which  had  appear¬ 
ed  under  the  action  of  apace  charge  forces  again  brings 
about  the  formation  of  condensation  and  so  forth.  At 
the  sane  time  the  kinetic  energy  corresponding  to  the 
variable  component  of  electron  velocity  is  converted  to 
the  potential  energy  of  electron  condensations  and  vice 


versa. 


Definite  power  flows  /  5*7,8, 9, 10^7  are  ascribed 


to  the  slow  and  fast  saves  of  the  space  charge,  since 
the  kinetic  energy  of  electrons  in  the  stream  modulated 
by  one  or  the  other  wave,  differs  from  the  kinetic  energy 
of  electrons  in  the  undisturbed  beam* -The  variation  of 
the  kinetic  energy  of  electrons  at  a  distance  of  one  apace 
charge  wave  length  can  be  expressed  sot 


K  "fkfp  m  (co+  v)r  , 

\dW*~WrS)^.  j  — — 5 - “X 


<fc  +  J>)  rf,..  3*i-M 


l  e  p±fc 


(11,17) 


In  calculating  for  the  fast  wave  or  for  the  slow  wave 

the  pertinent  sign  with  B®  should  be  chosen  in  (11.17)  and 


instead  of  lr  and  p  the  pertinent  terms  from  (II. 1 5)  and 
(11.14)  should  be  substituted  in  (II. 1?) *  Computation 
shows  that  with  conditions  usually  observed. 


|  Is  found  negative  for  the  slew  wave  and  positive  for  the 
fast  wave*  It  Is  therefore  assumed  that  the  space  charge 
slow  ware  carries  the  negative  power  flow  while  the  fast 
wave  carries  the  positive,  Physically  this  means  that 
with  modulation  of  the  slow  wave  flow  a  greater  number 
of  electrons  is  found  in  places  with  lesser  total  velo¬ 
city  and  a  'lesser  number  of  electrons  is  in  places  with 
greater  total  velocity.  In  the  fast  wave  the  grouping  of 
electrons  occurs  in  the  reverse  order. 


2.  Stream  of  Plasma 

An  aggregate  of  positive  and  negative  charges  such 
that  its  total  charge  is  equal  to  aero,  is  called  plasma. 
Applied  to  the  electron  beam  this  means  that  the  positive 
ions  present  in  it  compensate  the  space  charge  of  elec- 
tons  • 
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potential  in  the  stream  section  on  account  of  the  space 
charge  of  the  electrons.  Moreover,  examination  of  the 
oscillation  phenomena  in  plasma  makes  possible  a  graphic 
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j~picture  of  the  nature  of  the  two  apace  charge  waves. 

Let  us  examine  plasma  at  rest  with  uni  for©  distri¬ 
bution  of  levers  of  electrons  and  positive  ions  (  Fig. 3} 
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Fig.  3 

Assume  that  a.  disturbance  arose  in  the  plasma  of  a  kind 
such  that  electron  layer  Cl  was  shifted  to  the  right.  At 
the  same  time  resilient  forces  from  the  side  of  the 
slightly  mobile  positive  ions  begin  to  act  on  layer  # 
and  being  then  left  to  itself,  layer  a  makes  an  oscilla¬ 
tory  movement  near  the  position  of  equilibrium.  These 
oscillations  are  transmitted  to  the  next  layers  of  elec¬ 
trons  connected  with  layer  &  by  Coulomb  forces.  In  the 
plasma  to  both  sides  will  be  propo gated  rarefaction  and 
condensation  in  the  form  of  two  waves  of  density  running 
in  opposite  directions.  Such  oscillations  have  been  in¬ 


vest  1  gat ed  exp er i© en tally : 


natural  frequency  of  plasma 


.re  characterised  by  the 
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If  then  an  electron  stream  be  imagined  that  is 
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r&oving  with  a  velocity  much  greater  than  the  velocity  j 
of  the  propagation  of  the  density  wave  in  the  pl&aaa,  we 
derive  the  already  familiar  two  waves  of  the  eps.ee  charge 
~  one  of  which  is  moving  somewhat  slower  and  the  other  some””* 
what  faster  than  the  electrons.  The  original  disturbance 
of  the  Cl  layer  of  electrons  can  be  explained  by  the 
action  of  the  modulator  field. 

She  assumption  of  the  plasma  state  of  the  electron 
stream  makes  it  possible'  to  analyse  the  space  charge  waves 
in  an  electron  stream  of  finite  section*  in  particular, 
in  the  most  frequently  encountered- cylindrical  stream. 

The  problem  is  usually  solved  with  the  following 
Initial  assumptions j  %  and  Po  are  constant  at  all  points 
of  the  beam;  the  beam  does  not  have  velocity  distribution; 
the  amplitude  of  signals  Is  considered  small;  the  beam  is 
focused  by  an  infinitely  strong  longitudinal  magnetic 
field  {  the  finite  magnetic  field  is  examined  below). 

•The  system  of  equation©  (I.1)»ji.4),  (1.5)  can  be 
solved  after  making  substitution  (II. 6)  somewhat  more  com¬ 
plex  and  substituting  variable  values  in  the  fbrm  £  1 tf2, 

a  =  A0  J0  (Tr)  eiC*' "  T*\  (II.  1 8) 

The  writing  of  Maxwell's  equations  through  potential 
j  functions  and  solving  them  with  reference  to  potentials,  j 
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~ean  also  be  used.  The  second  approach  will  be  used 
below 

The  solution  Is  developed  in  a  cylindrical  system 


of  coordinates,  In  the  assumption  of  circular  symmetry 

/a 

up 

scalar  potential  §?  are  represented  in  the  forms 


x  0 


The  variable'  values  p,  V  and  the  variable 


i  ]  fat —  r?) 
p  ~  h  +  p. e 


V  rr  %  -h  vt  e 


j  {«><  -  r*> 


#  ==  C 


!(*#  —  Tx) 


in  whibh  <J\,  p,  t^r2  ere  functions  only  of  T  ;  disturbances 
are  assumed  to  be  small:  f,<^  P<?-> 

By  means  of  joint  solution  of  heterogeneous  wave 
equation  for  <f> 


ti*  \  P 

^ -jjr)  *  =  — p 


(11.19) 


and  equations  (II. 2)  and  (1.4)  taking  into  account  the 
assumptions  introduced  the  equation  for  can.  be 
reached : 


#  <r», 
dr*" 


+-T  ^-+  f (vV  ~  'K1'*—  **)]♦,  =  0.  (11.20) 


_l 


Here  aJs~  at 


%;  A2=€0/p<?  a?2. 


Solution  (11.20)  for 
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Charge  waves  are  taken  into,  ^consideration  arid  the 
electromagnetic  field  waves  In  the  surrounding  system  are 


not  examined 


hen  from  (11.22)  we  find 


ts»  io/r 

~  !>r  -  ~0 


£ 


(11,25) 


The  value 


V  '  + 


'TzVq 


le  usually  considerably  less 


than  unity?  at  the  same  time  T  lakes  an  infinite  series 
©f  values*.  ■  , 

So,  inj<5istinction  from  an  infinitely  extensive 
beam  (II. 7),  we .have  derived  an  infinite  sequence  of  F 
values.  Thus,  an  infinite  number  of  pairs  of  space  charge 
waves  arise  in  the  examined  case, . The  t mergence  of  an  in¬ 
finite  series  of  waves  is  explained  by  the  imposition 
of  a  boundary  condition  (  the  conversion  of  the  tangen¬ 
tial  electrical  field  on,  the  conducting  cylinder  surface 
to  zero).  The  waves  which  satisfy  this  condition  can  have 
radius  distribution  with  any  possible  number  of  zeros  and 
form  an  infinite  series*  Shown  In  Fig.  4  is  the  spect¬ 
rum  of  F*  values  for  these  waves  £  14  J.  In  the  upper 
part  of  the  drawing  two  values  of  *P  are  plotted  for  the 
infinitely  extensive  beam.  In  the  middle  part  of  the  draw¬ 
ing  is  shown  the  F  spectrum  derived  from  (11.24),  Here 
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"  1^01  and  correspond  to  the  .least  T,  i.e.  to 

waves  with  a  velocity  that  differs  most  from  tto.  These 
waves  of  the  lowest  order  represent  the  greatest  inter¬ 
est  because  the  field  of  these  waves  do  not  have  zeros 
cross 

inside  the  be&m7section,  and  they  are  roost  readily  exci¬ 
ted  by  the  high  frequency  field.  The  waves  6f  the  high- 

cross 

est  orders  have  1,2,3,..  zeros  in  the  bea®7Seetion9 

Shown  in  Fig, 5  is  the  distribution  of  fields  in  the 

radius  of  the  beam  for  waves'  f,  2,3  and  4th  order  , 

It  is  obvious  that  waves  of  the.  highest  orders  are 

poorly  excited,  since  -their  field  changes  direction,  on 

cross 

the  transition  fro®  one  area  of7section  to  another. 

Still  another  characteristic  of  waves  of  the  highest 


oraer 


£  16 J  is  the  very  low  energy  carried  by  them  in 


comparison  with  the  energy  of  lowest  order-  waves.  The 
next  important  distinction  of  waves  of  varied  order  is 


in  the  effective  plasma  frequency.  In  formula  (11.15), 

the  value  ------  art  SIS!  **■«*-  test**  w  •**  ae  e-*>  <**  «*»  =:  uJs’5  can  be  cons Id- 

*/“  i  4  t®  "'Uc % 


ered  a  certain  effective  plasma  frequency,  taking  into 
account  finite  dimensions  of  the  stream.  The  effective 
frequency  and  is  reduced  with  the  growth  of  wave 

order.  The  spacing  between  nodes  of  current  or  velocity 
Increases  correspondingly. 

The  foregoing  is  justified  for  the  case  of  the 
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pinfinitely  strong  focusing  magnetic  field.  Such  a  condi^j 
tlon  Is  usually  well  ful.f5.lled  In  practice  £  V?  J »  In  the 
case  of  the  finite  magnetic  field  /"t»1 4,16,1 8 Jt  the 
■  results  are  mod5.fi.ed  as  shown  in  the  lower  part  of  Fig. 

4j  still  another  group  of  wave  pairs  appears, "travelling” 


with  reduction  of  the  magnetic  field  to  the  values 

J£l  +  £££ ;  the  already  present  values  of  are  displaced 
Vo  ~  Vo 

at  the  same  time  to  In  =  These  results  are  justl- 

fled  for  the  conditions  shown  in  /  14J7» 


( 


Fig, 4,  Fig*  5* 

It  should  be  noted  also  that  if  we  do  not  confine 
ourselves  to  the  case  fo  and  take  into  account  the 

waves  of  the  field  of  the  waveguide  system’s  surrounding 
stream  £~t , 16, 18_7,  then  it  is  found  that  four  waves  cor¬ 
respond  to  each  orders  two  sp&ce  charge  waves  and  two 
field  waves*  At  frequencies  higher  than  the  waveguide 
|  system’s  critical  frequency,  these  field  waves  are  _ | 
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“"weakly  changed  by  the  straight  and  revertlve  waves  of 
this  system.  At  frequencies  below  the  waveguide  system's 
critical  frequency* At*fo  'complex  1  values  emerge* whxcn 
correspond  to  the  rising  and  damped  waves  of  the  fi  eld  , 
travelling  oppositely  to  the  electron  stream.  In  this  case* 
however,  as  has  been  shown  in  „/  5, 18/ ,  it  is  hot  possible 
to  utilize  the  rising  wave  for  amplification* 

it  can  thus  be  assumed  that  in  restricted  streams 
of  plasma, space  charge  waves  of  constant  amplitude  are 
propagated  like  the  waves  in  an  infinitely  extensive 
stream.  If  the  equations  (11.25)  and  (II. 7)  be  written 
in  the  form 


(a 


ittp  S 


(11*26) 


then  the  difference  between  the  two  systems  examined 
will  be  defined  by  the  value  of  multiplier  s»  For  the 
infinitely  extensive  beam  Ss  1.  For  the  plasma  stream 
of  finite  cross  section  s  <if  1  and  assumes  a  series  of 
values.  The  multiplier  S  <C.  *  emerges  as  a  result  of  the 
reduction  in  space  charge  action  caused  by  the  imposition 
of  boundary  conditions.  Actually,  the  conversion  of  the 
tangential  electrical  field  on  the  drift  tube  surface  to 
zero,  reduces  the  space  charge  field  in  the  beam  In  com¬ 
parison  to  the  field  in  the  absence  of  the  drift  tube.  i 
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T he  introduction  of  multiplier  S  is  a  convefe 
lent  way  to  calculate  the  finite  dimensions  of  different 
streams/'  1  §7* 

In  concluding  this  section*  we  shall  dwell  brief-' 
ly  on  a  number  of  other  works*  Wayes  not  axially  symme¬ 
trical  without  fail  (  in  distinction  from  £"2  J)  are  ex¬ 
amined  in  C 13  Jo  The  cases  of  the  strong  focusing  mag¬ 
netic  field  and  the  absence  of  magnetic  field  are  exami¬ 


ned. 


The  factor  of  reduction  of  plasma  frequency  for 


the  beam  with  ring-shaped  cross  section  is  examined  in 
/  20/.  It  is  found  dependent  in  the  first  place  on 
the  ring  width. 

Equations  are  formulated  in  C^JJ  for  the  field 
and  electron  in  plasma  at  rest,  then  by  means  of f the  for¬ 
mulae  of  the  relativity  theory  are  converted  to  travelling 
plasma.  Equations  are  evolved  for  ~y-  and  t,  analogous 
to  (11,10)  and  (II. 8)*  but  with  relativistic  correction 
for  X.p 

Ls2«  - -yBB&umMmmm*  . 

*  •*»*  \f  1  —  V/c* 


3.  Stream  of  Brlllouin 


The  stream  of  Brlllouin  £~22t23,2hJ  is  formed 


p>y  electrons  emitted  by  a’  cathode  situated  outside  the  | 
magnetic  field  and  afterward  entering  into  a  homogeneous 
magnetic  field  of  definite  magnitude  parallel  to  the 
'  system  axis*  One  of  this  stream's  most  important  chara¬ 
cteristics  is  the  constancy  of  \ and  in  the  stream 
volume,  which  greatly  eases  the  analysis  of  space  charge 
waves  in  this  circuit. 

Let  us  dwell  briefly  on  the  question  of  the  forma¬ 
tion  of  the  Brillouin  stream  and  Its  characteristics  • 
(Fig. 6).  Pole  terminal  1  screens  cathode  2  from  magnetic 
field  R.  Before  entering  the  longitudinal  magnetic  field. 


Fig.  6 

the  electron  stream  passes  the  area  of  radial  magnetic 
field  in  the  pole  terminal  opening.  At  the  same  time  the 
electrons  acquire  rotary  motion  with  an  angular  velocity 
depending  on  the  magnetic  field  magnitude 

(11.27) 

,  -J 
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Since  the  angular  velocity  is  identical  for  all  j 
electrons,  the  stress  rotates  as  a  single  whole*  With 
further-  travel  in  the  longitudinal  magnetic  field,  forces 
act  on  the  electrons  only  in  the  radial  direction,  as 
in  the  absence  of  electric®,!  fields,  the  electrons  drift 
along  axis  X.  The  following  radial  forces  act  upon  th© 
electrons;  centrifugal  force  and  force  of  the  space  charge 
directed  in  a  radius  from  the  center,  and  the  Lorentz 
force  in  the  radius  toward  the  center*  If  the  radius  * 
of  stream  b,  the  current  I,  the  magnetic  induction  E  and 
th©  potential  in  the  axis.  U  satisfy  the  correlation 


V  2  / 

***(-!)  B'v 


(11.28) 


and  the  electrons  enter  the  longitudinal  magnetic  field 
parallel  to  the  axis,  then  the  equivalent  radial  forces 
are  equal  to  zero,  and  the  stream  retains  a  constant 
radius  during  travel.  The  presence  of  rotary  motion 
leads  8.1  so  to  the  progressive  velocities  of  all  electrons 
Vqz  being  equalized  to  the  value  y  2  U  *  the  de¬ 

termined  value  of  the-  potential  in  the  stream  axis.  This 
is  explained  by  the  point  that  the  gain  in  energy  of  the 
electrons  on  account  of  th©  increase  of  potential  in  the 
stream  periphery  goes  out  to  energy  of  electron  rotation, 

I 


■"Inasmuch 


i  as  -the  linear  velocity  of  electrons  rises  with 


the  enlargement  of  radius*  At  the  same  time  the  velocity 
in  the  axis  Vet  remains  invariable  and  equal  to  the  vei- 
j*  oeity  of  electrons  in  the  stream  axis. 

In  the  analysis  of  space  charge  waves  in  the  Bril- 
lou in  stream ,  the  following  assumptions  are  introouceu » 
the  density  f0  and  velocity  Vo  are  constant  at  all  points 
of  the  beam*  the  beam  cross  section  remains  constant;  the 
stream  electrons  rotate  around  axis  X  with  an.  angular 
velocity  determined  by  the  correlation  (11.27).  The 
stream  travels  inside  a  cylindrical  drift  tube  in  a  long- 
itudlnal  magnetic  field  which  satisfies  the  condition 
(11,28),  The  stream  is  Infinitely  long*  no  changes  occur 
of  any  kind  in  azimuth.  Periodic  disturbance  with  frequency 
m  of  small  magnitude  is  propagated  along  the  beam,  The 
beam  does  not  have  velocity  distribution;  ('^~j  ^C.  1 » 
so  that  the  magnetic  field  of  the  beam  itself  can  oe 
disregarded.  Kith  these  assumptions  the  variable  magni¬ 
tudes  cars  be  written  in  the  forms 


a  (r,  ?,  z,-  i)  —  A  (r)  e 


<\  (wf  — 


(11.29) 


’he  examination  is  based  on  Maxwell's  equations; 


rot  H 


(11.30) 
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motion  equation  (1.4)  and  continuity  equation  (1.2),  At 
the  same- tiros  the  following  expressions  are  used  for  cur¬ 
rents:  ~  ~ 


pg,  , 


(11.30 


rf~?0Vf  +  P%; 

^  t  p  • 

The  solution  system  is  usual:  from  equations  (11,30 » 

(1,4)  and  (1.2)  are  excluded  density  and  velocity,  and  the 

values  ir  t  iy  and  4  are  expressed  through  the  electrl- 

c*'  v 

oal  and  magnetic  fields.  Then  substituting  ir,  l  , 

f 

1%  in  ( 11.30} ,  expressions  are  found  for  the  components 
of  the  fields.  The  remaining  variable  values  are  expressed 
through  known  field  components.  Calculation  of  boundary 
conditions  on  the  beam  surface  gives  the  dispersion  equa¬ 


tion 


T-* 

for  *  ,  solution  of  which  has  the  form: 


F 


Vo  V, 


\}T 


\  + 


£3-  ~ 

(ph}& 


(11.32) 


iier-e  ©  is  proportional  to  the  magnetic  field  and  is 
usually  small  (  for  B0  &  1000  2C  9S^  ~  0.0215),  ph  is  the 


parameter,  whereupon  {  pp;  1 .  Derived  thus  is  a  very 

narrow  spectrum  of  values  1  9 situated  very  close  to  the 
values  1"  for  the  infinitely  extensive  beam  (II. 7). 

In  the  analysis  given  a  very  essential  moment  is 
omraitted :  the  high  frequency  variations  of  the  dlamete 


x  i 
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r of  Brillouln's  stream.  They  arise  because  at  points  of 
denslflcation  and  rarefication  of  electrons,  equilibrium 
of  Loren tz  forces,  the  centrifugal  and  space  charge  is 
attained  respectively  with,  the  larger  and  smaller  beam 
.  diameter.  In  the  presence  of  a  periodically  changing  be&fc 
cross  section,  it  is  not  possible  to  apply  the  substitution 
(11.29).  In  a  number  of  works,  an  effort  is  made  to  avoid 
this  d iff icutly  by  means  of  Introducing  an  equivalent  i 
stream  with  a  constant  cross  section  £25,26, 27,28} .  Accord¬ 
ing  to  £"253  a  hollow  cylindrical  tube  of  current  with  per¬ 
iodically  varying  diameter,  cut  out  ..from  the  real  stream 
of  Brillou in,  is  substituted  by  a  hollow  cylinder  of  con¬ 
stant  diameter  of  an  equivalent  stream  under  the  condition 
of  charge  parity  per  unit  of  length  of  both  cylinders. 

In  addition  to  this,  the  variable  density  of  the  equiva- 
lent  cylinder  pj  takes  Into  account  the  variation  of  den¬ 
sity  in  the  real  beam  on  account  of  electron  grouping 
as  well  as  beam  cross  section  variation 

+  •  (11.33) 

Here  p  is  the  variable  density  in  the  real  stream; 

p0  is  the  constant  density  In  the  real  beam; Arts 

the  variation  of  the  real  beam  radius.  This  method 

allows  for  using  the  course  of  considerations  f29j,  after 

L  J 
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having  substituted  p  for  f)  in  (11.31).  In  this  case  the 
solution  {25$  gives  an  expression  for  1  that  differs  from 
(11.32).  Along  with  the  values  1'  according  to  (11.32) 3 
for  which  Sft  l,  appear  the  values  I’for  which  Is!  <C  1 , 
as  was-  also  the  case  in  the  plasma  stream.  Represented 
in  Fig. 7  £*25 3  is  the  comparative  course  of  factor  of  plasma 

gjj 

frequency:  reduction  £  =r  depending  on  ^  e  for  the  plasma 
stream  and  the  stream  of  Brillouin  (  at  the  same  time  it 


a-  plasma  stream  {  b  =  co)  and  stream  of  Brlllouln  (b=<co) 

b~  stream  of  plasma  (  equation  (II, 2^ ): 

c~  according  to  (26) 
d-  stream  of  Brlllouin  ■ 

Here  Ct  is  the  radius  of  the  conducting  cylinder 
surrounding  the  stream. 

It  is  expedient  to  present  certain  experimental 

facts  that  will-  make  it  possible  to  judge  as  to  what,  kind 

of  stream  is  encountered  In  real  super-high- frequency 

electronic  devices  «  the  stream  of  plasma  or 

the  stream  of  Brlllouin,  and  also  as  to  what  method  of 
■*.! 

computing  the  high  frequency  variations  of  beam  diameter 
reflects  more  closely  the  reel  situation  -  the  method 
developed  in  [25]  or  the  method  developed  in  jf26J,  Exper¬ 
iment  shows  that  amplification  of  the  travelling  wave  tube 
is  ffionotdnlcal.lv  decreased  If  the  Intensity  of  the  focus¬ 
ing  magnetic  field  be  increased,  selecting  all  remaining 
parameters  optimal.  From  the  viewpoint  of  plasma  theory, 
this  effect  is  not  explalhable,  since  It  presupposes  that 
the  magnetic  field  le  always  sufficiently  strong  in  order 
to  secure  straight  line  motion- of  electrons.  But  if  it  be 
presumed  that  in  all  magnetic  field  values  the  bean;  behaves 
as  an  ideal  beam  of  Brlllouin,  then  the  growth  of  the  mag¬ 
netic  field  is  felt  in  decrease  of  the  beam  disinter  (11,28) 


•  30  • 


1 

and  consequently,  in  reduction  of  its  connection  with  the 
spiral.  Pertinent  calculations  f2SJ  give  a  result  that 
coincides  well  with  the  experiment.  The  coincidence  of 
analogous  results  of  the  work  [26]  with  the  experiment 
is  inferior. 


Another  experimental  fact,  the  increase  of  current 
in  the  spiral  with  the  increase  of  the  input  signal's  am¬ 
plitude,  is  also  Incomprehensible  from  the  viewpoint  of 


plasma  theory,  but  finds  a  good  explanation  when  cross 
motions  of  electrons  are  taken  into  account.  It  is  indicat¬ 
ed  in  C25J  that  the  magnitude  A  I"  is  approximately  propor¬ 
tional  to  the  square  root  of  the  high  frequency  power, 
which  explains  well  the  increase  of  interception  of 
electrons  by  the  spiral. 

The  question  as  to  what  kind  of  stream,  plasma  or 
Brillouin,  should  be  presumed  in  these  or  those  definite 
conditions,  has  not  been  solved  with  finality  at  the  pre¬ 
sent  time.  Some  light  Is  thrown  on  this  question  by  measure¬ 
ment  of  the  plasma  wave  length  and  subsequent  comparison 


of  experimental  data  with  the  theoretically  derived  values 

-  2  7(Vg 

for  the  effective  wave  .length  A$~  mmag$g,m  in  the  case  of 
the  plasma  stream  and  the  stream  of  Brillouin,  Experiment 


[25,30]  has  shown  that  with 

stream  wave  lengths  /\s  ane 

L 


impulse. passage  of  the  electron 
derived  close  to  the  values  Asj 


1 


for  the  stream  of  Brlllouin  according  to  the  formulae 
of  work  £25j.  In  continuous  conditions  the  values 
proved  to  be  close  to  the  values  As  for  the  plasma  stream 
according  to  £30 «  Evidently,  ionic  compensation  of  the 
snace  charge  of  electrons  is  established  in  continuous 
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have  an  effect  on  the  degree  of  neutralization  of  the 
electron  charge  by  ions.  After  creating  a  space,  in  the 
borders  of  which  the  potential  is  somewhat  higher  than  it 


Is  inside,  an  ion  trap 


can  be  obtained  which  will 


make  it  possible,  at  a  customary  vacuum  of  the  order  of 
SO  mm  of  mercury  column,  to  accumulate  a  quantity  of 
ions  sufficient  for  almost  complete  neutralisation  of  the 
charge  of  electrons.  It  is  therefore  thought  that  there 
are  more  grounds  to  presume  the  presence  of  plasma  In  tubes 
with  grids  than  in  tubes  without  gride.  The  assumption  of 
the  plasma  state  of  the  electron  stream  is  apparently  well 
grounded  also  in  tubes  with  |as  focusing  of  the  electron 


role  of  positive  ions  in  the  electron  beam.  For  maintenance 
of  stream  uniformity  it  is  found  necessary  to  secure 

0  and  <Op  =r  const,  and  together  with  other  factors 
Lthe  density  of  Ions  roust  secure  precisely  these  .  ,  "J 


r  conditions  and  not  complete  compensation- of  the  electron"1 
charge* 

In  £40*41,42?  were  investigated  waves  of  a  space 
charge  in  an  electron  stream  with  cathode  place®  directly 
in  the  magnetic  field  (  in  distinction  from  the  stream  of  - 
Brillouin) .  The  method  used  in  work  £40?  is  the  seme  as 
that  of  [26],  Articles  £4t?  and  £42?  are  based  on  [2 5l 
and  [29),  It  was  found  that  in  the  case  examined  is 
shorter  than,  for  the  stream,  of  Brillouin.  The  short¬ 


ening  occur 


s  on  account  of  the  reduction  of  beam  diameter 


as  well  as  on  account  of  the  plasma  frequency  reduction 
factor  &  depending  on  the  magnetic  field. 

4.  ^&aEi_-Wlth  Bending  Deflection  of  Ppt.jm.tlgj: 

On  Account  of  Space  Charge. 

Let  us  examine  the  waves  of  a  space  charge  in 
electron  streams  taking,  into  account  lowering  of  potential 
inside  the  stream  on  account  of  the  cavity  .  .charge. bf 


electrons. 

In  connection  with  the  change  of  potential  in  the 
beam  cross  section,  the  velocity  of  electrons  at  the  stream 
borders  will  be  greater  than  at  the  axis.  The  electron 
stream  in  this  way  becomes  inhomogeneous. 

The  analysis  of  such  a  stream  is  of  interest  because 
incorrect  views  have  been  expressed  on  the  possibility  of 


•  * 
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umpli  float  ion  of  space  charge  waves  in  it,  depending  “~j 
supposedly  on  the  interaction  of  central  and  peripheral 
electrons.  This'  opinion  was  expressed  in  work  [4 3j  and 
was  grounded  in  an  experiment  with  a  single  beam  anpll- 
fier  tube.  Subsequently  strictly  set-up  experiments 
showed  the  absence  of  amplification  in  a  single-  beam 
system.  It  will  be  demonstrated  below  that  in  a  stream 
with  bending  deflection  of  potential,  only  waves  of  con¬ 
stant  amplitude  can  be  propagated. 

The  analysis  will  be  carried  out  on  the  assumption 
of  smallness  of  signal,  single-valued  dependence  of  elec¬ 
tron  velocity  on  coordinates  and  dependence  oi  variable 
values  on  coordinates  and  time  in  the  form J 


A  r  ^ 


fmt-Tz) 


{II. 3*) 


in  which  Ay  is  the  function  of  cross  coordinates.  It  is 
assumed  in  addition  that  the  constant  values  p0  and  V# 
depend  only  on  the  cross  coordinates  and  the  velocity 
is  directed  only  along  'P  {  the  stream  is  limited  by  a 
strong  magnetic  field).  With  these  assumptions,  using 
equations  (1,1), (1.2),  (1.4) ,  (1.5)  and  (II. 34),  the 
following  equation  can  be  derived  for  the  lengthwise 
component  of  the  electrical  fields 


r*l  h 


(w  —  r  v0y 


)e 


E. »  0.  (11.35) 


Here  At  is  the  Lap  la  cl  an,  operator  for  cross  coordinates. 
The  solution  of  equation  (11*35)  with  homologous  boundary 
conditions  gives  the  unknown  values  -*•. 

Let  us  examine  a  flat  band  stream  moving  along 
axis  2  ,  infinite  along  axis  ^  and  limited  in  axis  %  by 
two  conducting  plates.  According  to  we  assume  is 

independent  of  )c  , while  "Vo  depends  linearly  on  X  .  Then 
(11.35)  can  be  written : 


For  further  simplification  of  equation  (11.36), 

It  is  taken  into  account  that  for  waves  of  the  space  charge 


and  the  transformation  is  introduced 


(11.37) 


Assume 
cl 'l f<? 


di/b 


_cec(  it  will  be  Indicated  below  how 

d  x  ^ 

OJ  p  influences ) .  Then  the  equation  (11.36) 
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assumes  the'  ioriss 


Ii 


u 


£.  *  0. 


(11.38) 


We  Introduce  boundary  conditions  and  analyze  If 
amplification  of  space  charge^in  a  beam  is  possible. 
Assume  the  stream  is  bounded  by  conducting  plates  at  the 
points  and  Xfi.  The  velocity  of  electrons  at  these 
points  will  be  respectively  t^(  X&5  and  Ifg  (  X  g) ,  where¬ 
upon  %{  X4)  %(  3Cb).  The  electrical  field  at  points 

and  I p  converted  to  zero. 

For  amplification  it  is  essential  that  -Hbe  complex 
firstly,  and.  secondly,  according  to  f/lOjf  the  phase  velo¬ 
city  of  the  amplifying  wavs  must  satisfy  the  inequation 
lfo(  Xg)<t^  XA)  •  Analysis  /44J  shows  that  the  root 
of  equation  (11.38)  does  not  satisfy  the  above- indicated 
conditions: two  sequences  of  real  values  are  derived  for  F 
The  phase  velocities  of  one  sequence  of  waves  is  greater 

than  'VAX,)  while  of  the  other  it  is  less  than  f^Xp). 
u  A  J~ 

J  T*  s£  cap  be  assumed,  the  values  F  are  somewhat 

modified,  but  rising  waves  do  not  appear. 

In  the  band  stream  is  examined  on  the  assume- 

x  o  h-rt  ^ 


in  which  0"  characterizes  the  degree  of  compensation  of 
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a  -  band  of  electron  velocities  (2,4  %  of  V0)  i 

b  -  single  velocity  stream 

c  -  stream  with  bending  deflection  of  potential 

In  summarizing,  it  should  be  stressed  that  space 
charge  waves  of  constant  amplitude  only  can  be  propagated 
in  all  the  streams  examined  (  sections  II, 1  to  11,4), 
Further  to  be  examined  are  electron  beams  in  which  under 
definite  conditions  space  charge  waves  can  arise  that 
mod if v  the  amplitude  with  distance. 


II I .  Space  Charge  Waves . 

In  electron  streams,  the  homogeniety  of  which  has 
been  in  a  definite  manner  disturbed,  space  charge  waves 
that  change  amplitude  with  distance  can  arise.  If  is 
expedient  to  begin  the  study  of  the  conditions  under 
which  such  waves  appear  with  an  analysis  of  an  electron 
beam  having  velocity  distribution. 

1  *  Dispersion  Equation  for  Electron  Streams 
with  Velocity  Distribution 

Let  us  assume  that  along  with  continuous  velocity 
distribution  -f(V)  an  infinitely  extensive  stream  contains 
b,  certain  quantity  of  elementary  streams  having  discretely 
distributed  velocities:  Do v (  v  =  1». If  N0  is  the 
full  number  of  electrons  per  unit  of  stream  volume, 
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Nq  Is  the  number  of  electrons  In  a  unit  of  volume  of  ‘ 
an  elementary  stream  with  velocity  1/Q  ,  then  one  can  write: 


(111.1) 


cnar 


•  We  introduce  the  simplifying  assumptions : ( 1 )  the 
•Res  in  each  elementary  stream  and  each  interval  of 


velocities  %,  %  +  dvb  are  distributed  uniformly  in  the 
beam  cross  section; (2) . the  law  of  distribution  (III. 1 ) 
is  one  and  the  same  for  all  cross  sections,  i.e.  , 

Kg  and  f0  (  Vq  )  dp  not  depend  on  Z  ;  (3)  the  variable 
magnitudes  i ,  %rf  f  are  sufficiently  small  that  their 
products  might  be  disregarded. 

With  modulation  of  electrons  in  velocity,  the 


variable  term  + ( Vp)  appears  in  the  electron  velocity 
distribution.  Taking  this  into  account,  the  variable  com' 
oonent  of  charge  density  is  written  so: 


<**  e  V  h%  f  e: 


(III. 2) 


and  the  variable  current  density  as  follows: 


(III. 3) 


*  “  e  S  *  +  f /«  («i)  0  (09)  -f  tsj (v4! 
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By  virtue  of  assumptions  1  and  2,  the  continuity  I 
eau&tioh  has  force  for  each  value  tL 


df 


(111.4) 


J  Q&  p  *4™™™  tsssc  0  ^ 

The  exponential  substitution  (II. 6)  is  approxi¬ 
mately  justified  also  in  the  analysis  of  a'  stream  with 
velocity  distribution  £461. 

Taking  (11.65,(111.2)  and.  (III. 3)  into  account 
the  equation  (III. 4)  la  written  in  the  form: 


(III. 5) 


•*/-  r/*  » 

8 

*a  r  jVs»  p, , 


in  which  a)%  »  tt>  — »Tl/0,  ft%v=:  &>  —  FVo  y .  The  equation  of 
motion  is  written  for  corresponding  parts  of  the  stream 
ae  follows: 


Je>»  v  (  &i)  : 


,/»«*  v. 


&- 


Ei 


0  ** 

E 


(III. 6) 


Substituting,  (III. 2) » (III. 5)  and  (III. 6)  in  the 


equation  of  Poisson 


■  *-  J  V  E  ~~ 

v»>e  derive  the  dispersion  equation: 


(III.?) 


m 


_P~*  _  i  ^  (  ..  f<1  J  _ _  t  f  T  T  T  P  \ 


This  equation  makes  it  possible  by  a  preset  function  of 
electron  velocity  distribution  to  determine  the  constant 
distributions  ]"*. 

2 *  Electron  Streams  with  ■Discrete  Velocity 
Distribution 

The  dispersion  equation  in  this  case  has  the  form: 


*  jJS 

*V 


V—  -  . 

ar*  v%r 


(III. 9) 


and  is  an  algebraic  equation  of  degree  2  m  relative  to  "P. 
Analysis  of  It  in  general  form  presents  difficulty.  In 
P4?J  the  graphic  method  is  proposed,  by  means  of  which 
certain  data  can  be  derived  concerning  the  roots  of  the 
dispersion  equation  of  any  degree.  For  this  purpose  the 
dispersion  equation  is  written  in  the  form: 


Plotting  of  the  graphs  of  curves  yfU  }  =s  p» 

r 

)  =  depending  on  -1  and  finding  projections 
of  their  intersection  points  gives  real  values  of  the 
dispersion  equation  roots*  f  j » « , « »  T"V»  ^!lth  variation 
of  00 ,  a;  t  j?j,  5  the  curves  i  }  and  (  I  )  are  deformed 
and  displaced.  If  with  variation  of  the  parameters  in  pairs 
the  intersection' points  of  curves  M»(i' )  and  Hn_{P)  van¬ 
ish,  then  in  addition  to  this  we  go  from  the  range  of  real 
values  V  over  to  the  range  of  complex  values  T* which 
signifies  the  possibility  of  amplifying  the  waves  of  fre¬ 
quency  (M  in  the  given  system.  In  this  way  the  described 
graphic  method  makes  it.  possible  to  define  amplification 
boundaries  with  relative  ease.  It  does  not,  however,  afford 
the  possibility  of  computing  the  system’s  amplification 
factor,  since  the  values  of  the  complex  roots  of  the  dls- 
oerslcn  equation  are  not  determined*  Application  of  the 
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to  py  2 


The  least  values  (  -w-Hr-)  describe  well  the 
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(the  growing  wave) exists  for  the  most  varied  combinations 

of  parameters*  It  is  Interesting  to  note  that  the  frequency 

at  which  maximal  amplification  is  attained,  feebly  depends 

on  (  but  is  chiefly 'determined  by  the  ratio 

w p2  uq% 


Another  interesting  fact  is  the.  presence  of  amplification 

.  £&%  4 

with  very  small  currents  of  a  slow  or  fast  beam  ( 

r 

is  very  small  or  very  great).  This  indicates  the  possibil¬ 
ity  of  the  two-beam  type  amplification  at  the  expense  of 
the  emission  from  the  control  grid  or  secondary  emission 
from  the  collector  or  positive  grid  in  those  tubes  which 
are  considered  single  beam  £43,4 4jf .  Moreover,  amplificat¬ 
ion  at  small  indicates  the  possibility  of  Ionic 

oscillations  even  with  small  density  of  ions. 

In  the  case  of  streams  in  the  opposite  direction 

(  o }  the  ran^e  of  amol  if  table  frequencies  is 

1  Ilex'*  1 

drastically  limited  from  above  by  the  condition  ch  ^ 00 ?i 
=r  ed (Fig.  10).  The  maximal  amplification  independent  of 
the  magnitude  -2^  falls  approximately  on  a>  =  c«^j=a?p, . 
Analogous  results  in  counter  streams  are  cited  in  £47 7 


4-4 


and  jf5'l  J*  *  * 

In  works  (b2j  and  £52 7  streams  directed  at  an 

angle  one  to  the  other  are  examined.  It  is  shown  that  ^ 
the  presence  of  cross  motion  of  electrons  contributes 
to  the  origin  of  space  charge  growing  waves. 

Electron  streams  with  discrete  velocity  distribu¬ 
tion  have  found  practical,  application  in  the  creation  of 
two  beam  or  electron  wave  tube  {EWT).  In  t,hfc  di8“ 

persion  equation  of  this  device  is  investigated  in  the  # 
assumption  «/p.sWfi  .  Four  values  are  derived  for  T  . 

Two  of*  them  are  complex  conjugates  in  the  range  of  values  of 

nonhomogeneity  parameter  from  zero  t0  ^ 

\  vnt-vH  ...  In  the 

Here  6  »  — — ,  vtp —  -  •. 

Indicated  range  of  the  nonhomogeneity  parameter  values 
four  waves  of  the  space  charge  exist:  two  of  constant  am¬ 
plitude,  one  attenuating  and  one  growing.  The  latter  also 


determines  the  EWT  amplification. 
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Very  many  theoretical  and  experimental  works  j 
have  been  devoted  to  the  question  of  fflT  amplification. 

The  effect  of  the  interaction  of  parallel  electron  streams 
v;&s  first  explained  by  A. A, Vlasov  In  wort: 

the  taultibeara  tube  is  examined  from  the  position  oi  tne 
Vlasov  theory,  taking  into  account  velocity  distribution* 

&  number  of  works  £43,56,57,bbJ  have  been  devoted  vuc 
interaction  of  ideally  mixed  Infinitely  extensive  electron 
streams  in  single  velocity  approximation.  The  space  charge 
waves  in  two-beam  systems  of  finite  cylindrical  cross  sec- 


ic« 

u  cro 

BS  S 

4  v- 

h 

c  ^  p; 

JLiJ 

The  effect  of  the  degree  of  the  space  separation  of  beams 
on  the  space  charge  waves  is  examined  in  a  number  of  works 
f~  59,60,61/.  In  fell  it  ie  indicated  that  the  four  waves 
in  EWT  are  not  independent  but  must  be  connected  witn  the 
preset  boundary  conditions.  Works  £62, 6p, 64j  are  devoued 
to  making  more  precise  the  EWX  theory  in  tne  direction  o. 
taking  the  thermal  motion  of  electrons  and  noises  into 
account,  Article  f65.J  is  a  survey  of  EWT  theories  based 
on  (^8 jf*  Noteworthy  among  experimental  works  on  EWT  are 
£43,66,6?!. 

3,  Electron  Streams  with  Continuous.. Velocity. 

Distribution 

Space  charge  waves  in  streams  with  continuous 


^4 


|“Veloeity  distribution  are  described  by  dispersion 
equation  (III. 8)  without  the  first  term.  For  further 
analysis,  it  is  more  convenient  to  write  the  equation 


It  is  convenient  to  replace  Maxwell's  velocity 
distribution  by  the  pi  distribution  0J  which  reflects 
well  the  fact  of  the  presence  of  a  finite  range  of  veloci¬ 
ties  and  one  maximum.  The  electrons  have  a  velocity  spread 
of  ±  near  the  average  value 

The  distribution  function  can ,by  means  of  the 


-function. be  written  as  follows: 


Xrfv,  },  (III.I2) 

I 


in.  which  IT  is  the  number  of  electrons  in  a  unit  of  volume. 

Differentiating  (III.  12)  in  1/q  and  substituting 
the  result  in  (III.11),  we  find 


(III.  13)  3) 
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Since  a>j>  <$C  Ut  is  usual*  both  values  of  T*  are 
real.  Consequently,  in  the  stream  with  velocity  distri¬ 
bution  of  the  Maxwell  type,  there  are  no  growing  waves. 
The  author  [hfj  who  examined  the  distribution  function 


With  one  extreme  came  to  a  similar  conclusion. 

A  function  of  electron  velocity  distribution  hav 
ing  several  maxlmums  can  be  well  represented  by  the  equi 
valent  multistage  pi  distribution  (  Fig.  11),  In  which 

■  -  -n  ' 

the  number  of  plane  sections  Is  equal  to  the  number  of 
extremes  in  continuous  distribution.  Considerations 
analogous  to  the  foregoing  lead  to  the  disoersion  eaua- 


ion 


m 


fi£ ft?  | 


(III. 14 


Here  m  Is  the  number  of  pi  peaks  In  the  equivalent  dis¬ 
tribution  function. 
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The  equation  (III. 14),  the  analogue  of  the  cor-  i 
relation  ( III. 9) ,  is  an  algebraic  equation  of  the  degree 
of  2m  relative  to  Y  and  has  complex  roots.  The  presence 
in  the  distribution  function  of  not  lees  than  two  maximum 8 
is  thus  the  condition  of  the  presence  of  growing  waves  in  • 
a 'beam  with  continuous  velocity  distribution.  Such  an 
electron  beam  can  be  considered  multlvelocltal  with  the 
number  of  separate  beams  equal  to  the  number  of  relative 
maxi  mums  in  the  distribution  function  £"4  5j. 

It  is  appropriate  here  to  recall  the  results  of 
the  analysis  of  the  electron  stream  with  bending  deflection 

,4#  <, 

of  the  potential  (  see  section  II.4) ,  The  distribution  fune 
tlon  for  this  stream  does  not  have  two  maxinrums,  which  ex¬ 
plains  the  absence  of  growing  waves  in  this  case.  In  such 
a  beam  the  phase  velocities  of  the  space  charge  waves  lie 
outside  the  range  of  electron  velocities. 

In  streams  having  two  and  more  maxi mums  in  the  di¬ 
stribution  function,  growing  waves  of  a  space  charge  are 
possible  with  phase  velocites  lying  Inside  the  range  of 
velocity  distribution. 

An  interesting  method  .of  dispersion  equation 
{111.11}  analysis  is  developed  in  [68jt 

In  the  work  [69]  a  plasma  stream  with  velocity  dis¬ 
tribution  is  investigated  with  consideration  of  colliadfeim 
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It  was  .found  that  collisions  and  the  attenuation  caused  { 
by  them,  play  an  essential  role  in  the  oscillation  pro¬ 
cesses  in  plasma.  In  particular,  complex  values  appear 

T**V 

for  T'  in  those  cases  when  without  attenuation  i  as¬ 
sumes  only  actual  values ,  In  those  cases, therefore,  when 
it  is  impossible  to  disregard  collisions,  the  results 
[6gJ  have  important  significance.  It  can  be  presumed  -  that 
collisions  modify  the  electron  velocity  distribution  func¬ 
tion  in  a  way  that  relative  maxi mutes  and  minimum s  appear 
and  amplification  of  space  charge  waves  becomes  possible. 
Tula  piienomexjon  can  prove  to  be  one  of  the  reasons  for  the 
amplification  in  the  single  beam  tube  $C\J • 

In  (70)  the  need  is  substantiated  for  stricter 
analysis  cf  the  beam  with  continuous  velocity  distribution; 
with  the  use  of  exponential  substitution  (11,6)  a  divergent 
integral  is  derived  (55)  in  the  dispersion  equation  and 
three  families  of  solutions  are  lost.  For  stricter  solu¬ 
tion  of  the  problem,  the  operational  method  of  solving  the 
initial  equations  C 70,71 ,72,73j  is  employed  in  a  number 
of  works.  The  final  results  in  these  works  are  a  great  c 
deal  more  complex  than  those  derived  by  means  of  (II. 6)} 
however,  they  do  not  contradict  the  main  conclusions 
reached  above. 


In  f74j 


the  effect  of  velocity 


spread  on  the 


high  frequency  processes  in  the  electron  stream  Is 
investigated  by  a  singular  method.  It  is  assumed  that 
the  presence  of  a  range  of  electron  velocities  can  be 
considered  in  the  framework  of  a  single-velocity  approx¬ 
imation,  introducing  in  acceleration  an  additional  term 
connected  with  the  hydrostatic  pressure  in  the  beam  with 
velocity  spread.  It  is  demonstrated  that  the  presence  of 
velocity  distribution  increases  the  effective  plasma  fre¬ 
quency  . 


1/14 .  *!«  LZ 


(III. 15) 


a  -  equ*va.»«n* 


Here  k  is  Boltzmann's  content j  Tv  Is  the  cathode's  absol- 

A*. 

ute  temperature. 

A  method  of  investigating  streams  with  velocity 
distribution  based  on  the  Liouville  theorem,  is  developed 
in  [15,76] .  The  method  is  good  also  for  analysis  of  accele¬ 
rated  streams  with  velocity  distribution. 


4.  Electron  Streams  with  Uniform  Velocity  Change 
in  the  Travel  Direction 

In  the  case  examined  the  method  of  analysis  differs 
from  the  foregoing,  since  by  virtue  of  the  dependence  of 
V-  on  Z  it  Is  not  possible  further  to  employ  the 
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r-exponential  substitution  (11,6)  or  (11.34).  j 

‘  Various  approaches  to  solution  of  the  problem 

can  be  used  depending  on  the  method  of  defining  the 
■  function  %  (2),  In  those  cases  when  ig'(  sl  )  is  defined  “ 
by  the  results  of  experiment  (  for  example)  measurements 
in  an  electrolytic  bath) ,  or  the  analytical  expression, 
for  %  (  Z  )  is  too  complex,  it  is  convenient  to  use  the 
equations  of  Llewellyn  for  the  planar  diode,  connecting  the 
values  L  and  1/  at  the  input  with  their  values  at  the  out- 
•put  of  the  diode  {77,78,793 .  The  liwlljtn  equations  are 
developed  for  the  electron  stream  with  the  longitudinal 
bending  deflection  of  potential  (without  ionic  compensat¬ 
ion)  ;  for  use  of  it  in  the  given  case,  therefore,  the 
stream  is  divided  into  a  series  of  short  segments  follow¬ 
ing  one  another,  each  of  which  is  viewed  as  an  independent 
diode  with  definite  conditions  at  the  input  and  the  output. 
The  trend  of  the  potential,  derived  in  this  way,  (  the 
dotted  line  in  Fig. 12),  appoxiraatelv  reflects  the  real 
trend  of  the  potential  (  the  solid  line  in  Fig  12).  It  is 
very  convenient  to  write  the  solution  in  matrix  form,  since 
the  matrix  of  the  cascade  of  diodes  is  equal  to  the  product 
of  the  matrices  of  the  individual  diodes,  and  these  latter 
matrices  are  derived  from  the  Llewellyn  equations  f79,8oJ. 

The  composition  and  solution  of  differential 


j"~ equations  for  t  and  V  Is  another  method  of  solving 
the  problem.  The  stream  is  assumed  to  be  one-dimensional 


a  -  first  diode 
b  ~  third  diode 


e  -  fifth  diode 


d  -  curve  of  constant  potential 
e  -  plane 
f  -  output  plane 
g  -  space  of  acceleration 


(  this  assumption  is  discussed  in  detail  in  jf8lj)y  the  sig¬ 
nal  small.  The  equations  of  full  current,  motion,  ratio 
for  £  and  continuity  equation  are  utilized: 


a  -  full 


I jm^c  E  z=  l  mm- 


(III.  16} 
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case  of  Tful1  5^:0  is  examined  in  fB3] . 

The  equations  (III. 21 )  and  (III, £2}  are  simpli¬ 
fied,.  if  the  following  substitution  is  t.aken  for  the 
current: 


in  which 


isJfte1'*11-')-, 

(*)  *  dz 


J  *e  &} 


(III. 23) 


(111.24) 


Taking  (III. 23)  and  (III. 24)  Into  account,  the 
equations  (III. 21)  and  (III. 22)  assume  the  form; 


d*J 
d  z'1 


t'„2  d  j 

V 

* — ; 

'  ^  i* 

hdz 

JU 

3 

d  v? 

d  J  ir 

$ 

% 

d  z 

d  z 

+  ~~i* - J 

m  e0  s  vf 


0. 


(III. 25) 


(I II. 26) 


The  solution  of  these  equations  is  found  pos¬ 
sible  for  certain  concrete  functions  %( ) ,  For 
y0~  const  the  solution  has  been  given  in  the  works 
|l,2j  and  many  subsequent  ones;  for  ki.2/^  in  £83} ; 
for  lfQ~knk  in  [l9]  l  for  Yq-  Xz*  in  £84} . 

By  virtue  of  the  assumption  about  the  linearity 
of  the  processes  examined,  the  connection  of  values  at  the 
system’s  input  and  output  looks  so; 


(III. 2?) 


(Ei\  -h  Fvi)es‘m't~'); 
v=*(H  i,  +  /  v,)  ey“('~T> . 


The  coefficients  E,F,H, I  characterize  the  beha¬ 
vior  of  space  charge  waves.  According  to  [84j,  the  solu¬ 
tions  of' equations  (III. 25)  and  (III. 26)  for  %  =  KzK 
give  the  following  expressions  for  the  coefficients; 


P  r.) (  x,  /  jc  \lz*±t  , 

~  ~F  <r*)V>  (t  Jrj)  - 

f V  J 0  —  x ‘*~s*  i ^  (T  *)  /,  (I  x.)  -  (7  x)  ^  (T  x,)J;  (ill .28)  } 

H  =  f  ±  ZUZl  jfiPSrx.fel*!  A^,(T  x)  (TXj)  -  //1+I  (TX)W„+1  (fXj)); 

, _ «7  x,  /  x  \izf? . ,, 

2  ( x  " )  34  !  V 1  <Y  Jf)  J»  (Tf  *«>  -  V<  (T  *)  A/r  (T  x,)j. 


here  _ 


c  /o  4 

Ti~%7~t*~  (YZTiT)2 


j/w_45«o_. 

r  ei?"  ' 


§r3a 
2  2 


Ip  and  iy  are  Bessel  functions  of  I  and  II  type. 

A  graph  of  coefficients  (I II. 28)  are  cited  in 


Cl 9}  for  the  case  $  =  ,  The  factors  increase  with  mo— 

2 

tion  of  the  electron . stream  in  a  retarding  field  and  are 
decreased  with  motion  in  an  accelerating  field. 

The  equation  (111,28)  can  be  represented  in  a 
form  more  convenient  for  discussion,  by  employing  an 
approximated  expression  of  the  Bessel  functions  through 
the  trigonometric  function? for  the  large  values  of  the 
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'arguments  and  "JXi  C&5J •  The  indicated  substitution  j 
is  possible  in  case  of  *—0.2  €(  {84)  .  Then 

we  have; 

£5=  |  eQS  Y  (x  —  X()  ; 

F  =  j  G  ^?Sf5*inY  (x  —  xj  ; 

1  * 

W  =  y  -7  x*5~T  stelY  (x  —  Xj); 


I  - —  |ti  <*—4  £0* 

Wi  / 


«3Y  (x  —  X|) 


(111,29) 


From  the  equations  (III. 29)  it  follows  that  in  the 
accelerating  fields  {  0  ^  space  charge  waves 

attenuate.  In  drifting  streams  ( =  0)  the  amplitude  of 
space  charge  waves  is  not  changed  and,  as  should  also  be 
expected,  the  expressions  for  C  end  of  from  (III, 2?), 
taking  into  account  the  initial  conditions  X(=  0;  i  |X,  )= 

y"W 

=  0;'V(Xj)  -  2 1/(  arid  the  equations  (III, 29),  coincide  with 
expressions  for  t  and  V  from  (II. 13)  and  (11.15).  Final¬ 
ly,  with  —0.2  C*<^Of  in  the  retarding  fields,  the  space 
charge  waves  are  amplified  with  distance. 

The  effect  of  the  thermal  motion  of  electrons  for 
the  ease  1^=  Ke  c'z  is  examined  in  {*86}.  It  is  found  that  am¬ 
plification  of  space  charge  waves  is  possible  with  fulfil¬ 
ment  of  the  conditions 


m 


Vt 


Pin  which  1^,  is  the  thermal  velocity  of  electrons.  From  .  'I 
these  conditions,  it  is  evident  that  sufficiently  strong 
retardation  is  essential  for  amplification,  and  that  the 
‘  amplification  depends  on  the  frequency  owing  to  the 
presence  of  V-rv^O.  With  growth  of  frequency  the  second 
condition  of  amplification  ceases  to  be  fulfilled. 

The  attenuation  of  space  charge  waves  in  aceeler- 
ated  streams  is  utilized  for  lowering  the  noise  level  in 
super-high  frequency  devices.  Growing  space  charge  waves 
in  retarded  streams  make  It  possible  to  realize  the  ampli¬ 
fication  of  super-high,  frequency  signals  in  tubes  with 
jump  of  potential  £? 9, 87,88,89} . 

It  follows  from  the  foregoing  that  the  cases 
2- )  =  fc'Z  and  Ij#  {%.)  ~  K&’^have  been  solved  analytical¬ 
ly.  In  more  complex  cases  the  use  of  a  definite  analogy 
betweem  the  electron  stream  and  the  transmission  line  is 
found  productive^  This  analogy  consists  in  the  point  that 
the  equations  for  the  space  charge  waves  In  an  electron 
beam  can  be  written  in  a  form  that  is  identical  for  the 
transmission  line  equations.  In  order  to  do  this,  it  is 
necessary  to  proceed  from  the  variable  electron  velocity 

ssj* 

If  to  the  variable  potential  ti ,  introduced  by  the  ratio 


from  which 


w  I 

U  »  ~~  t‘9  t)  . 

*  (m, 30) 

Rap  resenting  u  in  the  fot®  0  (x)e  %  wa 

derive  for  amplitudes  of  space  charge  waves  U(3t)  and 
If  a)  fro®  equations  (111*25)  and  (111*26)  the  following 


relationships % 


(III. 31) 


The  magnitude  ««>|t  is  her®  introduced  for  calculation 
of  flnitnesses  of  stress  dimensions  m\&  the  effect  of 


surrounding  walls* 

If  should  he  noted  that  the  equations  (III. 31)  descri¬ 
bes  only  the  amplitude  envelope  of  ©pace  charge  waves* l*e. 

amplitude  modulation  along  axis  Z'Of  the  electron  wave  re- 

,/  ,  _  _  r  ds  \ 

presented  by  multiplier  iCf”  “*  JT/  Equations  (I II* 30 

e 

can  be  transformed  to  s 


JWJ ; 

Jl/  — .  _JL_  (j 

df  ~j  w  u> 

(III. 32) 


is  the  stream  wave  resist** 


is  the  electrical  length  of 

J 


in  which 

W  * 

2  Uq 

jo  m 

£ 

/% 

aneaj 

f **. 

1  P  (z)  dz 

o 


the  stream;  P 


is  the  constant  propagation 


The  equations  describing  the  wave  propagation  al¬ 
ong  an  electron  stream  with  varying  constant  parameters  — 
£ye  thus  formally  identical  with  equations  of  transmis¬ 
sion  lines  having  variable  wave  resistance.  To  obtain  data 
on  the  behavior  of*  space  charge  waves  in  the  streams,  the 
picture  can  therefore  be  used  of  standing  waves  in  a ■ mod ex 
a  coaxial  line,  the  internal  conductor  of  which  changes 
diameter  in.  accordance  with  W  (<f  )  of  the  stream.  Test- 
ing  of  the  work  of  a  transmission  line  as  a  modelling 
device  for  an  electron  beam  was  conducted  jfBgJ  in  the 
example  of  a  planar  diode  and  showed  that  the  experimental 
data  tallied  well  with  the  theoretical  results. 


5 .  El ectron  Streams  with  Periodic  Structure 
Especially  interesting  results  have  been  attained  In 
cent  years  in  the  study  of  space  charge  waves  in  electron 


streams  with  periodically  changing  characteristics  (8,86, 

90  —  93J .  Periodic  change  of  the  characteristics  ol  an 
electron  stream  along  any  coordinate  can  be  realized  either 
by  periodic  change  of  the  constant  parameters  along  a  sta- 
ight  line  stream  {  Fig. 13)  or  by  zigzag  beam  shape  along 
the  examined  coordinate  (Fig. 14), 

Since  the  examination  of  an  electron  stream  with 
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r  arbitrary  periodic  change  of  parameters  is  impossible,  j 
selection  of  a  case  open  to  analysis  and  at  the  same  time 
sufficiently  general,  has  sense.  Let  us  assume  that  the 
»  electron  stream  consists  of  periodically  repeating  uni- ~ 
form  segments  with  the  electron  velocities  in  them  Vai  and 
T/ox and  the  wave  resistances  W*  and  Wt  {Fig.  1 5} . 


Z?  r<-  1  ”2 

X  i  J  « 

Proceeding  in  (111,21) 

,  according  to  (III. 30),  v?e  derive? 


Fig. : p 

and  (III. 22}  from  \f  to  -y 


i  r: 


<£/ 


■+  j  ~~  i — /  — j-5—  I* 


d  a  ,  ,  «  ~ 

- 4.  f  —  ii 

d  i?  *>s 


«Ve‘ 

1 


t»  %  a 


=  0; 
/~0. 


(III. 33) 


Excluding  I  from  one  equation,  and  U.  from  the  other,  two 
differential  linear  equations  of  the  second  order  with 


'-periodic  coefficients  can  be  derived.  Particular  solu¬ 


tions  of  them  satisfy  the  conditions 


/  (z  +  £)  $  (*)  c 


(III. 34) 


u(r  +  L)~u(z)e  J  ■  , 


(  in  which  L  is  the  period  (Fig. 15)),  and  have  the  form: 


/(»)« ‘  l 


u  iz)  =* 


(III. 35) 


in  which  t*  and  «R  are  constant  complex  values  In  the  ge 


neral  case , 


The  sense  of  equations  (111.35)  consists  in  the 
point  that  the  high  frequency  current  I  and  the  high  fre- 
oxisnoy  po slX  tt  b,vb  rr 0 p t & $ 011 % 0 d  "by  &h  .In  1*1.31  sun) 
of  space  harmonics  of  current  and  potential  f8,91,93j  with 


constants  of  propagation 


5,  <j/  4-  2  *  n 


(III. 36) 


in  which  9^  is  the  phase  shift  in  one  period  for  the  funda 
mental  wave.  In  order  to  solve  the  question  of  the  propa¬ 
gation  velocity  and  character  of  the  change  of  the  arnpli- 
tude  of  space  harmonics  with  distance,,  an  expression  for 


j~*  %l?  must  thus  be  found.  In  the  general  case  ^  Is  complex!; 
at  the  same  time  the  actual  part  of  determines  the 


phase  velocity  of  the  space  harmonic 


»  L 

Re  #  4*  2  *  n 


(III. 37) 


while  the  imaginary  part  of  Ij)  characterizes  the  change 
in  the  amplitude  of  the  space  harmonic  of  current  and  volt¬ 


age  along  the  beams 


Im  4* 

rr* 


We  calculate!  the  phase  shift  for  the  selected 
jump- shaped  periodic  change  of  the  velocity  of  electrons 
(Fig. 15) .  For  each  uniform  section  of  the  stream  (III. 32) 
can  be  written,  proceeding  from  U  and  j  to  ig  and  I. 


('*  .  at 

J  \ gr— «B  sin  x  4  /„  cos  x)  e  v* >•*  5 

"  1.2  / 


«U  (*)-  (  #»  COS  *  4-/  JFj.2 

\  ^0 1,2 


/,,  sin  321  *)’  a  . 


(III. 38) 


where  IH  and  UH  are  respectively  current  and  voltage  at 
the  beginning  of  this  section.  The  coordinate  ;<  =  z — 2;0 
is  reckoned  from  the  beginning  of  the  t  section  examined. 

For  the  first  segment  (Fig. 15)  I^=  I  (0 ),«M  =m(0) 
and  according  to  (1X1.38); 
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A  (A)  ™  {  ./«  (O)-ffir  sir;  ~f;  A 


•W(0)  cos  A  |  e  ^ *“ ; 


i 


/»  /4 

^  f  "*  .  «»**  ^  «SSff?  -  I 

«1  (A)  ^  I  * (0)  COS  ~~  /,  -f  j  Wi  /  (0)  sis  7"  A  *  '** 

A  Vfit  *«*6i  J 


(III. 39) 


At  the  point  of  wave  resistance  lump*  current 


and 

potential 

are  continuou 

s*  On  d  iff* 

3  rent 

sides  of  the 

jump 

the  laws 

of  eta i 

id  in g  v? 

ave , change 

are  d 

Ifferent,  but 

the 

values  of 

current  and  v 

olt&ge  witi' 

appr 

each  to  the 

jump 

point  fr 

om  bo  th 

sides 

coincide. 

Thus  5 

the  initial 

* 

eohditioas  for  the  second  segment  will  be:  Up  u.,  (  [, } ; 


Iu  =  Ii  (  L)  *  Hence 


**  4 


IZaJk]  e  ; 


4  (A)  =  [  /  (A)  sin  ~™W  (/,)  COS  ~  j  * 

MA)~[*<A)eos^  +  y  WJ  (A)  sin~~M  e  'p~ 


(III. 40) 


Substituting  (111*39)  in  (III. 40),  IP(/)  and 

/V?  jrs  r  /"*-■’ 

U2  ( l)  can  be  expressed  through  1  (0)  and  u  (0).  More¬ 
over  these  same  values  are  connected  with,  the  relationships 
(III. 34).  The  condition  of  consistency  of  these  four 
equations  with  four  unknowns  gives  the  equation  for  ^  : 

cos  (if  —  4V? ~®  81  ,  ,  s 

(III. 41 ) 


in  which 


it  COS  0;  COS  0S 


/rf  .  Wt\ 

I  —  I  Si! 

i  w,  wJ 


(111.42) 


sin  0,  sin  0. 


*  f,h  * 
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j~From  the  relationships  (111.46)  it  follows  that  with 
IOC  |  >  1  there  are  two  fundamental  waves  (accordingly, 
two  fey stems  of  space  harmonics),  one  with  growing,  the 
other  with  declining  amplitude  with  distance.  The  phase 
velocities  of  waves  of  one  order  n  are  identical*  The 
amplitude  change  occurs  according  to  the  law 

and  in  one  period  amounts  to- 

"  ( j* S  4"  j/aCTjf)4  \  (HI. 4?) 

I*  (0)1 

For  the  case  ©*  =  ©  ~  ~  —1-  and  .the  initial  condition 

*■  2 

T  (0)  —  0  (I II. 4?)  gives : 

__  ^2  (111,48) 

I »  <•;>!  "*•' 

In  this  way  depending  on  the  ratio  of  wave  resistances, 
either  amplification  or  attenuation  of  space  charge  wave 
can  be  produced. 

Fig.  16a,  b  illustrate  the  picture  of  events 
in  such  a  periodic  electron  stream.  Standing  waves  of 


variable  potential  (  or  velocity)  and  current  occur  in 
each  uniform  segment  of  the  electron  stream.  With  the 


[“selected  Initial  conditions  and  the  assumption 
1  w  2^>\K/l  (PiS*  16, a)  the  max irtrums  of  the  variable  coni' 
ponent  of  velocity  are  arranged  at  points  A,C,E,...  of 
the  stopping  potential  jump*  With  retardation  of  elec¬ 
trons  according  to  the  law  of  energy  conservation,  one 
can  find! 

(111.49) 


(  index  a  refers  to  the  values before  the  potential  jump, 
index  b  to  the  values  after  the  jump). 

In  accordance  with  (111.49)  and  the  conclusions  o: 
the  preceding  section,  with  retardation  of  the  electron 
stream  the  variable  velocity  component  increases.  At  the 
points  B,D, . . .  the  constant  component  of  velocity  by  a 
jump  increases  to  its  former  value.  This  does  not  lead  to 
a  change  of  the  variable  component,  since  at  the  points 
indicated  its  amplitude  passes  through  zero.  The  velocity 
modulation  which  has  been  increased  in  the  retarding  jump 
leads  to  an  increase  of  the  beam  density  modulation.  So 
in  series  occurs  the  stepped  amplification  of  the  space 


charge  waves. 

If  under  the  same  initial  conditions, W 
(Fig. 1 6,b)  Is  assumed,  then  the  maxi mums  of  the  variable 
velocity  component  will  correspond  to  the  accelerating  _ j 
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it  is  evident  that  there  are  at  least  four  possibilities 
for  changing  the  wave  resistance ; (1 )  periodic  change  of 
accelerating  voltage  (  such  a  way  Is  employed  in  the  tube 
with  velocity  for  purposes  of  amplifying  super  high 

frequency  signals  [  ?9,8?,88j  and  reduction  of  noises  in 
traveling  wave  tubes  £94J;  (2)  periodic  change  in  the 
diameter  of  drift  tubing  (  this  is  reflected  in  the  magni¬ 
tude  of  the  plasma  frequency  reduction  ,  factor  5  [95 J ; 

(3)  periodic  change  in  the  beam  diameter  which  influences 
the  values  s  and  cap  ;  This  possibility  is  easily  realized 
by  "shooting"  the  electron  stream  in  a  longitudinal  magnet¬ 
ic  field  with  Initial  radial  velocities  of  electrons  pre¬ 
sent;  the  works  [95 , 96j  are  devoted  to  investigation  of 
amplifiers  with  periodically  changing  beam  diameter; (4) 


eriodic  tehange  of  concentrations  of  ions  in  the  plasma 


"peri« 


which  penetrates  the  electron  stream  f 977 *  It  is  evident 
that  the  most  effective  amplification  or  attenuation  of 
space  charge  waves  can  be  obtained  by  way  of  the  com- 
bination  of  several  methods,  which  leads  to  a  big  jump  of 
wave  resistance. 

The  possibility  noted  above  of  using  a  non-homo- 
geneous  transmission  line  for  modelling  an  electron  beam 
is  also  quite  applicable  to  the  electron  stream  with  per¬ 
iodic  structure.  The  analogue  of  such  a  beam  is  a  line  with 
periodic  change  of  wave  resistance.  At  the  same  time  the 
areas  of  amplification  of  space  charge  waves  {  or  the  at¬ 
tenuation  of  them)  correspond  to  blanking  bands  of  the 
equivalent  filtering  line;  while  areas  of  waves  of  invar¬ 
iable  amplitude  correspond  to  passing /bands  of  the  filter¬ 
ing  line.  Equivalent  filtering  lines  were  investigated 
in  [90]  and  it  was  noted  that  inside  the  blanking  band  pre¬ 
dominates  either  amplification  or  attenuation  of  the  wave, 
which  deuends  on  the  final  full  resistance  If 


2a,  »  =  oo  ,  there  is  optimal  amplification.  Only 

X 

amplification  is  possible  along  the  infinitely  long  beam. 

From  the  energy  viewpoint,  amplification  in  the 
periodic  stream  should  be  understood  as  parametric.  The 
setting  of  the  maximum  of  the  stream's  variable  compon- 
~ ent  of  velocity  in  the  retarding  jump  of  potential, and — ^ 
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of  the  velocity  zero  in  the  potential’s  accelerating  jump 
is  analogous  to  extension  of  the  plates  of  a  tank  capaci¬ 
tor  at  the  moment  of.  greatest-  voltage  In  the  capacitor 
and  drawing  the  plates  together  at  the  moment  when  the 
voltage  ill  the  capacitor  passes  through  zero.  It  is 
evident  that  for  optimal  amplification  (or  attenuation)  od 
the  space  charge  waves,  an  odd  number  of  a  quarter  plasm* 
wave  length  should  be  chosen  between  adjacent  potential 
jumps:  (2k +1)  in  the  segment  and  (2«*  +  O 

in  the  segment  tg.  At  the  same  time 


.  *•  *V 


(II 1. 51 ) 


in  which  n  =.  ( S K  +  1 )  +  (  2m  +  1)»  Such  a  correlation 
between  the  space  period  of  the  parameter  change  and  _J 
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the  wave  length  of  the  system* e  n 
known  to  he  characteristic  for  pa 
It  is  possible  to  realize 


atural  oscillations  is'  | 
rametric  oscillations, 
also  another  method 


of  parametric  amplification  f9B, 
to  parametric  amplification  in  a 
an  ideal  transmission  line  havin 
per  unit  of  length  on  the  kind: 


99 J  which  is  analogous 
transmission  line.  In 
g  distributed  inductance 


L  ~  4M  +  i  **»  2  {«>  t  -  r  *)}  (111,52} 


and  constant  distributed  capacitance  C0  per  unit  of  length, 
growing  waves  of  current  arise: 


in  which 


ftZ 

4  sin  /  —  p  z  -f  f)  , 
a  —  w  V  (■$  C's)  "T  cos  2  $ ; 

P  «-  to  |/£0  C#  ^  1  — -  sin  2  ©j  • 


(111.53) 

(111. 54) 

(111.55) 


Besides  the  energy  of  the  growing  wave  is  taken 
source  modulating  the  line’s  inductance  with  a 


from  a 
frequency 


of  2W . 


In  application  to  the  electron  beam,  it  is  evid¬ 
ent  that  modulation  of  it  in  velocity  and  density  with  a. 
frequency  of  2W  is  sufficient  to  produce  a  similar  ef¬ 
fect  of  amplification.  Analysis  (99]  shows  that  in  this 
case  the  slow  and  fast  wave  of  the  space  charge  become  _ j 
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r*one,  the  growing,  the  other,  decreasing.  Amplification  j 
of  both  the  fast  and  the  slow  wave  can  thus  be  produced. 

The  latter  is  possible  only  because  the  power  is  taken 
"not  from  the  electron  stream,  but  from  the  source  of 
frequency  2«?  modulation.  It  is  expected  that  the  noises 
of  the  fast  wave  amplifier  will  be  lower  than  other  types 

of  space  charge  wave  amplifiers. 

Another  interpretation  of  oscillation  phenomena 
in  electron  streams  also  exists,  from  the  viewpoint  of  the 
coupling  of  space  charge  waves  /7,8, 10}.  Let  us  examine 
the  question  of  the  coupling  of  waves  of  different  types 
flOj  and  clarify  the  general  conditions  of  amplification 
of  space  charge  waves  (Fig.  1?).  Two  waves  with  amplitudes 
p  and  Q,  are  propagated  from  left  to  right.  The  magnitudes 
P  and  d  are  so  chosen  that  PF*  characterizes  the  power 
flux  of  wave  Ps  while  +  QQ*  is  tne  power  xlux  of  wa\e 
Q..  The  top  sign,  plus,  is  selected  if  the  power  of  the 
waves  flows  in  one  direction,  the  lower  sign,  minus,  if 
the  power  flux  is  directed  to  diverse  sides. 


[  a  -  transition 


Fig.  17. 
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The  coupling  of  tee  waves  Is  realized  In  the 


transition  and  Is  described  fey  the  equations; 

Pd  —  A  P0  +  BQa, 

CQ„  +  DP0, 

and  also  by  the  law  of  energy  conservation 

K  V  ±  Qa  Qa*  -  /»*/>,*  ±  Qd  Q/. 

Her®  Pa,  and  Q«o  are  the  amplitudes  of  waves  from  the 
left  to  the  transition,  at  the  system  output,  and  Pd  and 
Qd  are  the  amplitudes  of  waves  from  the  right  to  the  tran¬ 
sition  at  the  output;  f-j ,  fg,  and  ^  are  planes  of 
the  count  beginning. 

Analysis  of  equations  (111.56),  (III. 57)  taking 
into  account  phase  shifts  in  the  transition  itself  and  in 
the  whole  section  between  the  count  planes  leads  to  the 
following  conclusions;  (1)  if  the  power  flux  is  directed 
to  one  side,  then  as  a  result  of  the  coupling  continuous 
traveling  waves  are  produced ;  there  are  no  amplifying 
waves;  (2)  If  the  power  flux  is  directed  to  different  sides, 
teen  waves  are  possible  with  an  amplitude  changing  expon¬ 
entially  with  distance.  It  should  be  noted  that  these  con¬ 
clusions  refer  to  a  chain  of  such  transitions  as  shown  in 
Fig, 17,  i.e,  to  a  periodic  coupling  of  waves.  The  continu¬ 
ous  coupling  of  waves  is  produced  in  a  limit,  with  a  very 


(111.56) 


(II I. 57) 


large  number  of  very  closely  situated  transitions.  1 

In  order  that  the  waves  be  coupled*  i.e.  that 
they  might  interact,  the  interpenetration  of  the  fields 
of  these  waves  and  approximate  equality  of  their  phase 
velocities  (  synchronism)  are  essential.  In  the  case  of 
periodic  coupling  the  formulated  condition  of  synchron¬ 
ism  must  be  imposed  on  the  corresponding  space  harmonics 
of  the  coupled  waves.  But  if  the  device  of  resolution  in 
space  harmonics  is  not  used,  then  the  condition  of  the 
coupling  of  two  waves  is  modified.  When  in  the  transition 
Itself  the  phase  shifts  are  small  (  as,  for  example,  in 
the  tube  with  velocity  jumps),  then  the  best  coupling  is 
produced  with  phase  difference  of  waves  (J)  and  Q  by  a  coup¬ 
ling  period  equal  to  2TC  a. .  By  means  of  periodic  inter¬ 
action,  waves  with  greatly  differing  velocities  can  thus 
be  coupled.  The  more  intense  the  interpenetration  of  the 
wave  fields,  the  broader  the  range  of  the  change  of  para¬ 
meters  near  Af=  2JfTrv  (  for  the  periodic  coupling)  or 
Aftzzo  (  for  continuous  coupling),  for  which  amplifica¬ 
tion  of  space  charge  waves  is  possible. 

As  was  already  noted,  amplification  of  space  charge 
waves  is  possible  only  in  case  of  power  fluxes  in  opposite 
direction.  This  is  possible  in  the  case  when  the  wave  is 
propagated  in  a  moving  beam.  In  section  II. 1  it  was 
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j~~ demonstrated  that  the  slow  wave  of  a  space  charge  bears  I 
negative  power.  Thus,'  to  get  a  space  charge  wave  with 
exponentially  changing  amplitude,  it  is  sufficient  to 

***** 

couple  the  slow  wave  of  the  space  charge  with  any  kind 
of  wave  bearing  positive  power.  This  is  done  in  a  number 
of  electron- wave  devices.  In  the  M,  for  example,  con¬ 
tinuous  interaction  is  achieved  of  the  slow  wave  of  a  fast 
stream’s  space  charge  and  the  fast  wave  of  a  slow  stream’s 
sx>ace  charge.  The  proximity  of  the  phase  velocities  of 
these  waves  and  the  good  scrambling  of  streams  are  condi¬ 


tions  of  optimal  amplification.  In  tubes  with  varied  kind 
of  wave  resistance  jumps,  the  slow  and  fast  waves  of  one 
and  the  same  electron  stream  are  coupled.  Since  the  phase 
velocities  of  these  waves  differ  appreciably,  the  coupling 
between  them  is  achieved  by  means  of  periodic  nonuniform¬ 


ities,  wave  resistance  jumps.  The  phase  difference  of  the 
slow  and  fast  waves  by  the  period  L  (Fig. 15)  with 
l  -  2&L  ( 2  K  + 1 )  and  |  =  BJLa  ( 2M  + 1 )  is  found  equal  to 

t  <1  *4 

2 X;  A ,  in  full  accordance  with  the  amplification  condition 
set  forth  above. 

Let  us  now  examine  periodic  interaction  in  the 


circuit  with  wave  resistance  jumps  by  the  other  method  in¬ 
dicated  above,  by  means  of  coupling,  the  space  harmonics. 
According  to  (111,45)  the  phase  velocities  of  them  are,  _ ^ 
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‘in  the  absence  of  amplification,  equal  to 


h  ±  i  arc  cos*a|  4*2®  n 


Introducing  the  retardation  magnitude 


we  derive  t 

°  to  * 


■■•.e  dispersion  eou&tion  in  its 


'ora  of  writing 


ffi+hU 

L  "  1 1?-.:  tKJ 


4-  -h  COS  a :j  +  ^  ig_ 


(111.58) 


The  corresponding  dispersion  diagram  is  given  in  Fig. It. 
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condition  of 

amplification  will  be  the  coincidence  of  the  phase  velo¬ 
city  of  the  fast  wave’s  n  harmonic  with  the  slow  wave’s 
( h  +  m)  harmonic.  According  to  (111,58)  this  leads  to  the 
condition  (&  -  ±  1 ,  which  corresponds  to  the  boundary  of 
amplification.  In  £tj  this  question  is  examined  with  cer¬ 
tain  simplifications,  arid  the  condition  of  coincidence  of 
the  phase  velocities  indicated  leads  to  the  condition  of 
parametric  amplification  (III. 50. 


.  . 


! 


1 


Fig.  18. 

The  fruitfulness  of  the  method  of  examining 
coupled  waves  consists  not  only  in  explaining  from  a 
single  viewpoint  the  viork  of  FV; T ,  tube  with,  periodic 
change  of  wave  resistance*  but  also  explaining  other 
super  high  frequency  devices  as  well,  examination  of 
which  is  beyond  the  framework  of  this  survey  (  travel¬ 
ing  wave  tube,revertive  wave  tube; iso tron,  tube  with 
resistive  walls  and  others). 

The  method  of  coupled  waves  makes  it  possible  to 
indicate  new  perspective  circuits  of  amplifiers  and 
generators  [8} ,  A  two -beam  tube  of  revert ive  wave  can, 
for  example,  be  realized  by  creating  the  periodic  coup¬ 
ling  of  counter  electron  streams  as  is  shown  In  Fig. 

19  a, to.  In  Fig. 19a  the  periodic  coupling  is  achieved 
bv  means  of  slots  in  an  electrostatic  screen.  In  Fig, 19b 
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r~this  is  accomplished  by  means  of  a  zigzag  trajectory 
of  beams  (  focusing  of  the  slalom”  type). 


a  9 


Fig.  19. 

The  dispersion  diagram,  of  the  two-beam  revertive 
wave  tube  shown  in'  Fig.  1 9a,  is  given  in  Fig, 20.  At  wave 
length  A ol  the  phase  velocity  of  the  slow  wave  of  the  space 
charge  In  beam  t  coincides  with  the  phase  velocity  of  the 
first  revertive  harmonic  of  the  periodic  beam.  With  suffi¬ 
cient  length  of  the  system  and  currents  of  the  beams  such 
a  device  will  generate  at  wave  length  X0j. 


a-  space  harmonic  in  electron  stream  2  • 

b  -  slow  wave  of  space  charge  in  stream  1 

The  approach  examined  makes  it  possible  to  pre-  ~ 
diet  and  explain  the  effect  of  the  electron  stream’s 
interaction  with  nonretarded  electromagnetic  waves,  since 
from  Pip. 1 8  It  is  evident  that  the  phase  velocities  oi 
space  harmonics  with  negative  indices  can  be  as  large  as 
one  wants.  The  possibility  of  the  interaction  of  the  elec 
iron  stream  with  a  nonretard ed  electromagnetic  wave  was 


pointed  out  for  the  first  time  in  the  works  £1 00,10 lj; 
after  that  this  problem  was  investigated  in  £102,10?.)  ano 
super  high  frequency  generators  with  nonretaroed  wave  'were 
achieved  £l  04 , 1 0^}  . 

The  described  method  can  be  used  in  principle  also 
for  explaining  the  work  of  super  high  frequency  devices 
with  zigzag  trajectory  of  electrons  (  the  stropnotron 
ft 06  to  1 1$  and  the  "meandrous"  type  tube  Tr.e  me¬ 

thod  developed  in  the  works  fiO?  to  W5j  can  also  be  used 
for  description  of  these  devices. 


IV.  Noise  Waves  of  the  Space, .Charge 
Noises 'in  electron  streams  represent  disorderly, 
chaotic  variation  in  the  time  of  electron  stream  charact¬ 
eristics,  for  example,  the  currents  and.  velocities  oi 


♦—electrons,  near  their  mean  value.  j 

'  ■ 

•  Such  fluctuation  processes  are  characterized  by 

a  certain  magnitude  X(t)  of  disorderly  variation  in 
,  time, which  represents  an  instantaneous  value  of  the 

fluctuations.  Since  the  mean  value  of  X(i:')  of  fluctuation 
for  a  sufficiently  large  segment  of  time  is  equal  to  aero, 
its  mean  quadratic  value  usually  characterizes  the 
fluctuation  magnitude.  In  principle  the  fluctuation  X(t) 
can  be  represented  by  the  Fourier  integral,  i . e.  by  a  .?■ 
totality  of  harmonic  processes,  the  frequency  of  which 
forms  a  continuous  series  of  values  from  0  to  ©o s 


XU)  ssJa  if) t-osfK  ftdf.  (IV.  1  ) 

•Here,  the  factor  A (-jp )  represents  the  amplitude  spectrum 


of  fluctuations.  For  the  mean  quadratic  magnitude  occurs 
the  correlation: 


in  which 


X*T*  . 

& 

w  (/>  =  ~f~  A  (/)  A*  (/) :  ( IV.  3) 

*5 


is  the  time  of  observation,  u>  (f )  is  called  the 
spectral  density  of  fluctuation. 


The  dependence  of  the  successive  values  of  fluctu¬ 
ation  on  the  preceding  values  Is  called  autocorrelation. _ j 
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If  autocorrelation  is  absent,  the  spectrum  of  fluctua-  ■— j 
f” tions  has  a  constant  amplitude  in  an  infinite  range  of 
frequencies.  If  two  different  fluctuations  are  examined, 
then  the  dependence  of  the  successive  values  of  one  — 

fluctuation  on  the  preceding  values  of  the  "other  fluctua¬ 
tion  'Is  called  cross  correlation.  !Tvo  independent  fluctua¬ 
tions  do  not  interfere,  but  their  mean  quadratic  values 
are  added. 

In  the  electron  stream  exist  fluctuations  of  cur- 
rent  and  velocity  of  electrons,  determined  by  the  static 
character  of  the  emission  of  electrons  from  the  cathode. 
From  the  cathode  in  every  small  Interval  of  time  emerges 
a  certain  number  of  electrons  distributed  in  velocities 
according  to  Maxwell's  law.  The  quantity  of  emitted  elec¬ 
trons,  however,  fluctuates  disorderly  near  the  mean  value, 
causing  fluctuation  of  the  mean  current.  Further,  the 
number  of  emitted  electrons  varies  disorderly  in  each 
Interval  of  velocities  from  •yQ  to  1f0  +<lvo*  This 
causes  a  disorderly  distortion  of  the  velocity  distribu¬ 
tion  curve,  is e, disorderly  change  of  the  mean  velocities 
of  electrons.  Fluctuations  in  the  velocities  of  electrons 
thus  arise. 

The  fluctuations  of  velocity  and  current  can  be 
represented  in  the  form  of  a  spectrum  of  oscillations 
1  according  to  (IV. 1)  —  (IV. 3).  It  is  evident  that  each  -J 
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j —  such  oscillation  will  be  propagated  in  wave  form 
*  along  the  electron  stream  and  noise  waves  of  the  space 


charge  will  arise.  Although 'by  virtue  of  the  absence  of 
autocorrelation  the  frequency  range  of  the  spectrum  of 
current  and  velocity  fluctuations  is  Infinite, usually  of 
interest  are  the  noises  in  the  narrow  frequency  band  in 


Which  the  electronic  device  functions.  In  the  limit  this 
will  be  one  fixed  frequency,  and  then  the  picture  of  noise 
waves  is  formed  of  two  space  charge  waves.  Each  wave  is 
. analogous  to  the  sum  of  the  slow  and  fast  waves  examined 
earlier,  but  one  wave  occurs  from  fluctuations  of  mean 


velocity  at  the  cathode,  while  the  other  is  caused  by  fluc¬ 
tuations  of  current  at  the  cathode. 

It  is  convenient  to  conduct  an  investigation  of 
space  charge  noise  waves  in  the  example  of  the  noises  In 
an  electron  gun  (Fig. 21),  The  cathode  is  here  arranged  in 
the  plane  K  ;  fit  Is  the  plane  of  minimum  potential,  <X  is  the 
plane  in  which  U  --  1  to  2  volts  and  single  velocity 

V/ 

description  of  the  electron  stream  becomes  possible;  Aj , 

A.~,  and  A-*.  are  the  first,  second  and  third  anodes,  A*  to 

£t  J  r 

A4  is  the  drift  space. 

The  events  in  the  section  from ‘the  cathode  to 
plane  $  set  the  initial  conditions  for  the  space  charge 


noise  waves  In  the  area  A4.  ■  The  conclusions  of 
L_sectlons  II. 1  and  111,4  are  applicable  to  the  electron 
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|  stream  in  the  area  A^.  In  the  segment  <X _  a-j  the  j 

noise  waves  are  described  by  equations  of  the  (111.2?)  type 
and  in  the  drift  space  A3  — by  equations  of  the  (III, 38) 
type.  Irons  (III. 38),  it  is  possible  to  conclude  that  — 
the  expression  for  the  mean  square  of  the  noise  current 
ifs  both  waves  must  have  the  form; 


f*  (*)  ~  #  sin*  z  -f  ?t) ; 
!*{*)-!.  s!n*(ptar  +  ). 


(IV. 4) 


here  the  index  t  refers  to  the  wave  excited  by  fluctua¬ 
tions  of  cujj.ent;  index  if  to  the  wave  excited  by  the  flu¬ 
ctuation^?  velocity.  The  factors  K  and  L  depend  on  the  ' 
character  of  the  stream  transformation  in  the  area  oi-  Ax, 
on  initial  conditions  in.  plane  4  ,  on  wave  resistance  of 
the  stream  in  the  drift  space  f.  in  the  general  case 

fl  ^  ^2  '»  1*e*  current  nodes  I^and  I^do  not  coin¬ 
cide.  Since  the  fluctuations  of  current  and  velocity  occur 
independently,  then 


***<*>- 4*  (a)  +  t*(z). 


(IV. 5) 


o  substituting  (IV. 4)  in  (IV. 5)  and  making  the  transformat¬ 
ion,  one  can  derive; 

'rtS'  .  «  ^  ~h  1  _  /"  /  1  ~i-  f  *  s  1  •  —  *  • »  « 


l/TW 


A'  £  sin®  (??— -  f,)’cos  V.6) 


Asin2<y,  -Hsfn  2  9, 
/f  sin 2  -f  £  cos2fs  ‘ 


(IV.?) 
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in  which 


-The  sense  of  formulas  (IV. 6)  and  (IV.7)  consists  In  the  J 
point  that  the  intensity  of  noises  along  the  drift  tube 
varies  periodically ,  with  a  period  depending  on  the  plasma 
frequency.  The  depth  of  noise  minimum s  and  their  position"" 
relative  to  the  cathode  depend  on  the  stream  transforma¬ 
tion  in  the  area,  <£  —  Ay,  (  geometry  ol  the  gun*  bist-iibut— 
ion  of  potentials  in  the  gun  electrodes),  on  the  initial 
conditions  in  plane  &  and  the  wave  resistance  of  the  stream 


These  conclusions  based  on  the  idea  of  the  wave 
propagation  of  noises  in  the  electron  stream  are  well  con¬ 
firmed  by  experiment  £.112  -  1153*  Investigated  in  work 
£Vi 2j  was  the  distribution  of  noise  Intensity  along  the 
electron  stream  at  a  frequency  of  4200  Me  by  means  of  a 
resonator  moved  along  the  stream.  The  experiments  confirm¬ 
ed  the  periodic  variation  of  the  intensity  of  noises  along 

the  drift  space  (Fig. 22), 

Investigation  of  the  dependence  of  the  noise 
factor  of  TWT  on  gun  distance,  the  beginning  of  the  spiral 
Cl  15}  confirmed  the  periodic  distribution  of  noises 
(Fig. 23) .  Moreover,  in  accordance  with  (IV. 6)  and  (IV.7) 
the  variation  of  gun  electrode  potentials  causes  displace¬ 
ment  of  noise  mini  mums  and  variation  of  tne  absolute-  noise 
magnitude  (  the  various  curves  in  Fig.  23  are  plotted 
„  for  different  distributions  of  potentials  In  the  gun ) .  — ^ 
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r 


Fig. 21 


1 


a  -  volume  of  noises  in  decibels  below  the  level  of 
■  fluctuation..  noise 

b.  -  theoretical  curve  shifted  to  the  right 
c  -  distance  from  anode  in  inches 

Both  works  fl  1 2, 1 1  confirm  also  that  the  inten¬ 
sity  of  noises  in  the  minimum  never  falls  to  zero. 

From  (IV. 6}  the  Interesting  result  can  be  derived; 

•/*»!«,  ~KL  sin*  (?,  ( I' V . 8 } 

In  the  works  f 116  — II^J,  this  important  formula 
[of  the  theory  of  noises  is  developed  in  more  general  formal 


%  so  no  mi*» 


Fig. 23 


and  it  1b  proved  that  the  product  I^ax2,  I  ^2  with  an 


aocu 


racy  reaching  multiplierW2  is  determined  by  the  val 


ues  I  ,V  c  in  the  input  plane  and  remains  constant  along 
the  stream.  This  statement  is  right  for  the  stream  descri¬ 
bed  by  equations  of  the  (I II. 27)  type  so  that  it  is  not 

possible  Without  losses  to  reduce  the  value  I  2  and 

max 

simultaneously  by  means  of  a  linear  passive  quadri¬ 

pole, 

A  considerable  number  of  works  82, 90, 11 c  -  1327 
are  devoted  to  the  study  of  noises  in  the  electron  stre&rp 
on  the  assumption  that  single  velocity  approximation  and 
linear  transformations  of  the  (III. 27)  and  (III. 28)  type 


nave 


force.  In  the  works  fl  27  —  1 29j  it  is  proposed  that 


jumps  of  potential  be  utilized  to  reduce  the  space  charge 
tttpise  wave  (see  sections  111.4  and  III.  5),  The  reduction—^ 


f of  noises  in  such  a  way  Is,  however,  limited,  since  In 


1 


the  waves  components  shifted  by  90°  in  phase  are  present, 
therefore  the  weakening  of  one  component  is  accompanied 
by  amplification  of  the  other  £1 20jj .  In  other  works 
(for  example,  $3of)>  it  is  proposed  that  the  accelerating 
range  of  the  exponential  course  of  wave  resistance  be 
utilized  for  reduction  of  noises.  It  is  rioted  In  the  work 
£132?  that  with  setting,  of  the  TV»'T  input  spiral  in  the 
noise  wave  minimum  should  be  attained  a  reduction  namely 


of  f*  2  and  the  possibilities  of  realising  this  are  in- 
rain 

vestigated,  A  number  of  authors  16, 117,121  —  124J  nave 
also  worked  on  the  improvement  of  the  noise  characterist¬ 
ics  of  electron  beam  devices.  In  article  [?AJ  are  discus¬ 
sed  certain  results  of  work  in  the  reduction  of  noises  in 
the  traveling  wave  tube  achieved  in  various  countries. 

It  should  be  observed,  however,  that  all  the  above- 
cited  correlations  without  definition  of  the  initial  con¬ 
ditions  in  plane  t<  have  a  formal  character,  not  allowing, 
for  calculation  of  concrete  noise  values  in  these  or  those 
conditions.  These  conditions  can  be  considered  either 
formally  £  134  —  1 36j‘,  or  in  research  of  the  physics  of 
processes  near  the  cathode,  in  the  minimum  of  potential 
and  in  the  mathematical  representations  of  these  processes. 
It  has  been  established  at  the  present  time  that 
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n 


he  fluctuations  of  current  at  the  cathode  1^2  are  n 


described  bv  the  Schottky  formula  for  the  shot  effect; 


7*z*2ef„&f.  (IV.  9) 

in  which  I^s  Is  the  current  of  saturation.  Fluctuations 
of  mean  velocity  at  the  cathode,'  on  the  assumption  of  the 
Maxwell  velocity  distribution  of  electrons,  and  the  in¬ 
dependence  of  fluctuations  in  each  interval  of  velocities 


"Vo*  are  described  by  the  following  formula; 


m 


(IV. 10) 


Here  k  is  the  Boltzmann  constant,  the  cathode's  absol¬ 
ute  temperature. 

At  'the  potential  minimum,  however,  the  current 
fluctuations  reduce  substantially  the  space  charge  at  the 
cathode.  This  takes  place  as  follows;  with ; increase  in  tee 
number  of  electrons  emitted  by  the  cathode,  the  space 
charge  at  the  cathode  is  increased,  the  potential  reduced, 
and  a  lesser  number  of  electrons  can  now  overcome  the  po¬ 
tential  minimum.  Automatic  self- suppression  of  current 
fluctuations  occurs,  and  the  current  fluctuations  at  the 
potential  minimum  are  found  less  than  the  full  shot  efiect 
at  the  cathode  (IV. 9).  At  low  frequencies  this  is  taken 


ptnto  account  fl3?J  by  the  multiplier  F»2  <T  1  in  the  | 
l  formula  (IV. 9),  so  that  for  current  fluctuations  at  the 


t> o t ent ial  m initi u m  w < 


‘C*  i  x.  cs.  -  # 


O  »  r**  2  *  /,  a/, 


(IV.  11) 


in  which  -I0  1b  the  anode  current.  In  the  same 
for  velocity  fluctuations  at  the  potential  mi: 


work  it  31  j  t 


formula,  developed  is 


e  k  7* 

7,  *  —  (4  —  *)  —  —  A  /  • 

Jm  .  1  m  /ft 


Vslfcn  respect  to  self- suppression  of  current 
fluctuations  at  the  super  high  frequencies  wnen  transit 
phenomena  have  effect,  In  the  cathode  space,  a  potential 


minimum.  some 


au thor s  C ? 16,118,1 90 .121,1 23 j  presumed  that 


there  is  no  eelf-euppz 


a 6ion  and  Fm2  1,  other'  author 


fi  pfi  1 07  1  ?8 ,  1  X8}  considered,  the  self- suppress  ion  comp  let 
and  r»2  =  0.  The  works  ft  15, 139. 14q7,  however,  demon¬ 


strated  that  not  one  ol 


extreme  viewpoints  is  true. 


Developed  in  work  £>39?  is  the  expression  j.  or  w  n  1 » 
but  without  taking  velocity  distribution  of  electrons  iHu-o 
account.  In  the  work  ft 40 J  the  processes  of  electron  emis¬ 
sion  In  super  high  frequencies  were  modelled  by  means-  ox 
an  electronic  computer.  In  consequence,  the  formulas 
(XV. 11}  and  (IV. 12)  were  confirmed ,  and  for  I'm2  values 

L  J 


were  derived  that  depend  on  frequency  and  are  given  in  j 
Fig.  24; 


(*•■<**■ 
$kM  f— 4. 


n 

j^nriM 

j\ 

rf 

»k.i 

jL  *  *  $  4  5  $  ? 

#*;/  %W*@W  I  Afctf,  Atffjg 


Fig.  24* 

a  -  level  of  fluctuation  noise 
b  -  frequency  in  thousands  of  Kc 

rf 

Fig. 25  illustrates  the  experimental  confirmation 
of  suppression  of  noises  at  super  high  frequency  by  the 
space  charge  at  the  cathode  [i  115),  Given  in  this  drawing 
is  the  dependence  of  the  traveling  wave  tube's  noise  fac¬ 
tor  on  the  potential  of  the  drift  space  at  various  fila¬ 
ment  currents.  The  rise  of  the  curve  number  corresponds 
to  tne  change  of  cathode  working  conditions  from  satura¬ 
tion  • to  complete  space  charge. 

The  behaviour  of  noises  in  the  ftCt  area  was  in¬ 
vestigated.  in  the  works  flAl, 14?J.  In  the  area  examined 
the  velocity  straggling  we  compare  with  the  value  of  the 
mean  velocity,  and.  the  stream  is  essentially  multivelocity. 
It  is  confirmed  that  in  plane  Sf,  a  noise  minimum  three  to 


i‘  If 


2b 


four  decibels  below  -the  fluctuation  noise  can  be  obtained. 
The  method  used  in  £l4l , 142) i  however,  requires,  in  the 
plane  of  the  potential  min imam  definition  of  the  value  of 
fluctuations  at  each  interval  of  velocities  •&*  ,  i/c  4  difc , 
Works  in  noises  at  the  potential  minimum  do  not  yield 
such  data?  therefore,  e.  theory  describing  events  in  the 
K* section  as  a  whole  does  not  yet  exist  and  various  auth¬ 
ors  use  various  initial  conditions  in  plane  ou 

The  effort  to  get  a  more  correct  quantitative  de¬ 
scription  of  noises  {  in  particular,  to  calculate  accura- 
tely  the  position  of  the  first  minimum  of  noises  and  the 
absolute  magnitude  of  noises)  has  led  to  the  idea  that  the 
point  character  of  fluctuations  should  be  taken  into  account 
the  nonuniformity  of  emission  characteristics  at  the  cap- 
thode  eurface  £l  15,1433*  Consideration  of  these  factors 


shows  that  for  reduction  of  noises,  uniformity  of  emis- 


sion  characteristics  at  the  cathode  surface  has  to  j 

be  achieved  and  the  mixing  prevented  of  electron  streams 
from  various  sections  of  the  cathode.  The  latter  is 
attained  by  placing  the  cathode  directly  in  a  strong 
magnetic  field,  in  which  the  trajectories  of  electrons 
are  not  intersected.  Uniformity  of  emission  characteris¬ 
tics  is  improved  with  use  of  a  small  oxide  grain,  with 
creation  of  a  smooth  emitting  surface,  elimination  of  ** 
marginal  emission,  the  use  of  cathodes  witn  low  coating 
resistance  and  o Deration  with  lev  current  densities. 
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Effect  of  Positive  loss  on  Formation  of  Intensive 
Electron.  Beams  JnJMk. . 

#2 

bv  V ,  p « T&ranenk© 


A  critical  survey  is  made  of  research  findings 
in  the  problem  of  the  effect  positive  ions  have  on 
the  focusing  of  extended  electron  beams  in  electrical 
and  magnetic  fields  under*  high  vacuum. 


Introduction 

The  problem  of  neutralization  of  the  space  volume 
charge  of  electrons  In  a  beam  by  s  positive  charge  formed 
with  ions  has  for  &  long  time  already  and  repeatedly  been 
a  subject  of  experimental  and  theoretical  research. 

It  is  known  that  the  electron  beam  passing  in  the 
transit  channel  of  the  electron  tube, under  the  pressure 
of  residual  gasses  1CT2  -  10“5  mm  ©f  mercury  column,  is 
focused  and  assumes  the  form  of  a  thread  ( !'oord>»Mtfe 
beam”)  or  standing  wave  ( “nodular  beam*).  The  focusing 
of  the  beam  is  a  consequence  of  the  ionization  of  residual 
gasses  and  the  formation  of  a  positive  ionic  charge  in  the 
path  of  the  electrons.  This  phenomenon  which  has  been  given 
the  name  of  "gas  concentration"  ,  has  found  detailed  elu- 
S  nidation  in  the  theoretical  investigations  of  Soherzer  _J 
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-and  others  f  1  J%  Frenkel  *  and  Bobkovskly  f  Bredov~"| 

[' 4  J  t  .Davydov  and  Braginskiy  /  3  J • 

The  neutralisation  of  the  volume  charge  in  a  two- 
electrode  system  was,  examined  in.  certain  works,  for  exam- 
pie,  Mongolia  f  5  J >  Ftit&yn  and  Teukeraan  £6j,  Gurtovoy 
and  Kovalenko  /*  7  J  * 

Neutralisation  by  a  positive  ionic  charge  makes 
it  possible  to-  increase  the  maximum  density  of  the  current 
which  can  pass  through  a  preset  system  of  electrodes  (works 
of  Pierce  fSJ,  Muller- Lube ek  f  9j ,  A  number  of  the  above- 
mentioned  works  have  been  commented  on  briefly  in  the 
survey  article  of  Gabov ich  10 J  on  the  problem  of  the 
propagation  of  beams  of  charged  particles. 

In  connection  with  the  fact  that, fro®  considerations 
of  preserving  the  cathode  and  high  electrical  durability, 
the  operation  of  many  eleotrovacuum  devices  occurs  under 
more  rigid  vacuum  (  order  of  10“^  -  10  ^  mm  of  mercury 
column) ,  the  problem  of  neutralization  of  a  space  charge 
by  positive  ione  in  the  range  of  pressures  Indicated  is 
of  interest. 

Owing  to  the  development  in  recent  years  of  the  tech¬ 
nique  of  forming  and.  focusing  intensive  electron  beams 
finding  wide  application  in  super  high  frequency  electron 
beam  devices,  and  others,  a  series  of  investigations  have 
1  appeared  that  are  devoted  to  the  neutralization  of  the  — ^ 
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f- electron  charge'  by  positive  ions  of  residual  gases  in 

* 

conditions  of  high  vacuum  (  to  IO~£  bus  of  mercury  column) 
[  i i  „  15_/„  It  is  found  that  the  Ionic  background  In¬ 
fluences  the  focusing  of  the  electron  beam  as  well  as  the 
working  processes  that  occur  in  the  electron  beam  device 
(  for  example,  the  grouping  of  electrons  and  others) 

/*  1 1 J,  Investigation  of  this  influence  merits  serious 


attention. 

The  development  of  -electronoptieal  systems  which 
secure  the  accumulation  of  positive  ions  In  equipotential 
transit  channel  of  the  electron  beam  device,'  make  it  pos¬ 
sible  to  Increase  the  effectiveness  of  the  focusing  sys- 
terns. 

In  this  article  a  brief  critical  survey  is  made 


of  the  principal  findings  of  investigations  in  recent  years 
on  the  problem  of  the  effect  positive  Ions  have  on  the 
focusing  of  extended  electron  beams  in  electrical  and.  mag¬ 
netic  fields  under  high  vacuum. 

The  problem  of  oscillations  in  the  beam  because 
of  the  presence  of  ions  merit®  separate  study  and  is  not 
examined  in  this  work. 


Elementary . f  heory_j?f  Ion  Adulation In  .thgL-££flS 

Even  under  extremely  low  pressures  {  order  of 
Ll 0-7  mm  of  mercury  column),  an  electron  beam  of  great  — 1 


j~*density  forms  long.  Under  the  influence  of  the  forces  of 
the  space  charge’s  electrical  field*  the  ions  travel  to 
the  beam  axis  (Fig,  < ta) .  But  this  field  forces  slow 
*  electrons, formed  in  the  process  of  ionisation,  to  travel 
from  the  beam  to  the  walls  of  the  transit  tub*. 


Fig  1 Distribution  of 
potential  in  the  cross 
section  of  the  metal 
cylinder  with  the  beam. 

If  at  the  edge  of  the  equipotential  tube,  a  poten¬ 
tial  gradient  carrying  off  ions  is  absent,  then  the  ions 
accuml&ting  at  the  beam  axis  form  a  charge  that  neutrali¬ 
ses  the  negative  space  charge  df  electrons*  The  velocity 
of  ion  formation  in  one  centimeter  of  beam  length  Is 
equal  to  £  12  J% 


where  F  is  the  beam  radius  j  Uc  &tidVe, 

L 
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are  the  concentration 


Fand  velocity  of  electrons;  &  is  th©  specific  ionlsationr*] 
p  Is  the  pressure  of  residual  gases. 

It  can  be  assumed  that  the  captured  ions  fons 
-  ionic  gas.  The  density  distribution  of  Ionic  gas  is  then- 

defined  by  the  Boltanaun'-forsBula., 

fhe  velocity  of  loss  of  electrons, on  account  of 
ions  -departing  to  the  wall,  is  defined  by  the  expression 

r,8/‘ 


in  which  E  Is  the  tub®  radius;?!?©  *•  ^he  concentration 
of  ions  at  the  axis;  Au  la  the  difference  of  potentials 
of  the  axis  and  wall  of  the  transit  tube;  Tp  is  the 
’'temperature*1*  of  the  ionic  gas  In  th®  trap* 

With  equilibrium  from  ( 1 )  and  (2)  we  find. 


■#«**,  imU£ 

yTrHnXMUc, 


tm  u  V,  W 
IZJLWeVp 


Here  Op  is  the  temperature  of  the  ionic  gas  In  equlva~ 
lent  volts,  Ug  is  the  energy  of  the  beam* a  electrons. 
Assuming  AtJ  a  0,  the  magnitude  can  be  estimated  of  the 
pressure  at  which  full  neutralization  of  the  space  charge 
will  occur  (  Fig  -1,b).  If  the  pressure  is  greater  than 
the  magnitude  determined  from  (3),  the  velocity  of  ion 

i  — ^ 
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formation  exceeds  7th *  velocity  of-  their  leakage  and  1 

M  can  change  its  sign.  The  potential  hollow  becomes  a 

potential  hump  (Pig. 1 ,  e)  ♦ 

This  is  the*  case  of  the  already  mentioned  ’’gas 

concentration?  of  the  beam  under  pressures  of  the  order 
of  10“2  —  t0“”3  mm  of  mercury  column,  when  ion  accumulat¬ 
ion  occurs  even  in  the  presence  of  considerable  potential 
gradients  that  carry  off  positive  Ions, 

Under  lower  pressures,  if  it  be  assumed  that  only 
a  few  ions  are  lost,  a  sufficient  number  of  positive  ions 
can  accumulate  finally  at  the  axis  of  the  transit  tube  and 
the  electron  charge  be  fully  neutralized. 

Several  reasons  for  the  loss  of  ions  exists 

(1)  The  recombination  of  ions  in  neutral  molecules. 
Under  the  pressure  of  10~?  mm  of  mercury  column  the  velo¬ 
city  of  ionization  exceeds  considerably  the  velocity  of 
recombination.  The  losses  of  ions  on  account  of  recom¬ 
bination  can,  therefore,  be  disregarded, 

(2)  The  thermic  energy  of  ions  determined  by  the 
value  ET  (  practically  of  the  order  of  0,025  v).  This  mag¬ 
nitude  is  considerably  less  than  the  potential  drop  in  the 
beam  cross  section  and  it  can  be  disregarded® 

(3)  The  impact  energy  acquired  by  an  ion  on  coll¬ 
ision  with  an  electron.  The  magnitude  of  this  energy  is 

|  * — * 

■  -  10? 


small  as  compared  with  the  energy  determined  by  the  j 
potential  drop  In  the  beam, 

(4)  The  leakage  of  Iona  to  the  insulator  arran¬ 
ged'  in  the  transit  space  and  negatively  charged  by  the 
electron®  that,  have  settled  on  it,  le  an  extremely  serious 
cause*  The  electron  beam  can,  however,  be  surrounded  by 

a  metal  wall  and  in  this  way  be . protected  from  the  effect 

indicated*  , 

(5)  The  accelerating  field  from  the  cathode- anode 
acme,  penetrating  to  the  transit  tube  through  the  opening 
at  the  anode,  draws" lone  to  the  cathode*  The  travel  of 
ions  at  the  beam  beginning  form  a  ton®  with  low  potential 
to  which  ions  flow  from  neighboring  parts  of  the  beam, which 
are  far  In  the  transit  tube*  The  effect  of  the  "draft 
field  Is  In  this  way  felt  at  considerable  distances  along 
the  beam*  This  is  the  main  reason  for  the  loss  of  ion®, 
and  also  the  mechanism  of  their  travel  observed  for  the 
first  time  by  Field,  Spangenberg  and  Helm  £  t4_7* 

Let  mb  dwell  briefly  on  the  theory  of  the  travel 
and  accumulation  of  Ions  in  the  beam*  The  theory  la  ilm- 
lied  by  the  following  assumptions?  {!)  all  ions  have  the 
same  charge  and  mass;  (2)  plasma  oscillations  are  absent? 
(3)  the  slow  electron®  appearing  in  the  process  of  ioniza¬ 
tion,  swiftly  recede  and  do  not  influence  the  magnitude 


of  the  space  charge;  (4)  the  Initial  velocities  of  the  — j 
ions  (after  their  appearance)  can  be  disregarded;  (5) the 
average  magnitude  of  the  potential  in  the  beam  is  propor¬ 
tional  to  the  linear*  density  of  the  electron  charge;  (6) 
at  the  entrance  "fcsi  a,  sharply  breaking  ion- trapping  field, 
the  beam  is  parallel;  (7)  ah  accelerating  field  is  absent 
in  the  zone  of  the  transit  tube* 

The  geometry  of  the  system  being  examined  is  repre' 

sented  in  Pig*  2. 


Fig* 2.  Diagram  of  potential 
distribution  along  the  axis 
of  electronoptio&l  system; 
t  -  transit  tube:  2  -  electron 
beam;  3  «  cathode;  4-  potential 
at  axis  without  ions;  5  -  poten¬ 
tial  at  axis  with  partial  Aent rails 
atlon 

The  potential  at  the  beam  axis  V0  is  equal  to; 


in  which  cr  is  the  volume  density  of  the  charge  In  coul/m; 


T~  & i.  Is  the  transit  tub©  rfcdlua;  b  is  the  beam  radius;  J 
£0  Is  the  dielectric-  constant  of  the  vacuum. 

The  potential  at  the  beam  edge  equals; 


All  ions  are  formed  from  the  right  of  point  Z .  =  0  and 
are  drawn  to  the  right*.  If  it  1®  assumed  that  the  ions 
are  formed  with  constant  velocity  G;  ,  the  ion  charge 
density  will  be  determined  by  the  integral  in  the  zone  ^ 
from  0  to  2  s 


X is  the  space,  variable  with  integration; 

e/M  is  the  ratio  of  the  charge  to  the  mass  ef  ions. 


Equation  (4)  can  be  rewritten  in  the  form; 


The  solution  of  this  equation  is  f*;!ven  in  /”  14_7 • 


as  a 


g*£  2  ) 

Shown  In  Fig. 3  1®  the  dependence 

»£(  0} 

function  of  the  left  part  of  (5).  The  right  part  of  the 


Fig. 3.  Dependence  of  relative 
ion  density  on  system  parameters 
in  accordance  with  (5).  The  curve 
is  symmetrical  relative  to  the 
axis  of  ordinates. 

curve  correspond  &  to  the  zone  of  positive  is.  Bo  oii  pari<$ 

are  applicable,  if  the  ions  are  drawn  from  two  s^des.  (In 

this  ease  Z  =  0  In  the  center  of  the  tube),  > 

Si iX)  1 

At  the  point  of  the  bend  where  -«.•—«  ~  * 

6;(  o)  2 

the  left  part  of  (5)  is  equal  to /IT" . 

The  potential  gradient',  whose  value  Is  determined 
by  the  slope  of  the  tangent  at  each  point  of  the  curve, 
is  in  the  given  point  equal  to  infinity.  (Inasmuch  as  a 
beam  with  uniform  density  is  being  examined,  it  can  be 
assumed  that  the  potential  will  be  proportional  to  the 
charge  density.  In  this  case  the  tangent  to  the  curve  of 
charge  density  distribution  will  determine  the  potential 
gradient).  In  the  real  system  a  high,  terminal  gradient _J 
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j— of  the  draft  field  exists  at  the  entrance  to  the  tranaitrj 
'  tube,  where  the  process  of  drawing  ions  to  the  cathode 
begins,  and  the  ion  density  is  appreciably  changed  accord- 
.  ing  to  the  curve  from  the  point  of  the  tangent  with  slope— 
rn( 7K  is  the  gradient  at  the  opening)  to  the  maximal  value 
at  point  a. =  0,  According  to  the  foregoing,  point -a, at 

which  the  ion  density  of  the  charge  is  least,  is  at  the 
entrance  to  the  transit  tube,  where  1  =  l  (Fig*. 3), 

The  greatest,  density  of  the  ionic  charge  6,-( 0)  ; 
can  be  determined  from  the  correlations 


3js  Gj  i  _ 

~xfM0)Kp- 


-j/2, 


in  which  A  and  l  are  determined  by  the  system  geometry. 
The  value  &i  (in  amperes  per  meter)  can  be  cal¬ 
culated  according  to  the  given  ionisation  probability 

[  15.16/: 

G;  ~~  100  4  Pt  p  aju 


(  \.e  is  the  electron  current , p  the  pressure  In  mm  of  mer¬ 
cury  column).  So,  for  example,  for  residual  gases  (NgjOg, 
CO)  in  electron-beam  devices  the  probable  number  (Pi )  of 
ionization  by  collision  on  electrons  in  t  cm  of  length 
with  1  mm  of  mercury  co3-unsn  will  be  10  in  100  v,  4  in 
1000  v  and  2.8  in  2000  v.lfhe  ionization  probability  at 


j”'lower  pressures  is  proportionally  less*  I 

Hines  and  others  cite  data  on  correlations  of  the 
maximal  density  of  the  ionic  charge  to  the  electronic, 

'  calculated  for  certain  types  of  tubes  with  traveling  wave, 
that  use  &  beam  with  37.3  «a  current  at  2000  v  velocity, 
passing  in aide  a  spiral  of  0*080  inches  inside  diameter 
/  IS  /:  Qi  =  11  x  10"6  a/m  at  10"8  mm  of  mercury  column; 

&C  =11  x  10“7  &/&  at  10~7  of  mercury  column. 

If  the  beam  dlasetfef  be  assumed  equal  to  half  the 
internal  diameter  of  the  spiral  and  the  length  Is  1?  cm 
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At  pressure  above  3* 10“^  mm  of  mercury  column,  the 
magnitude  of  ionic  charge  density  is  more  than  electronic 
density.  In  this  case  the  surplus  of  ions  is  removed  by 
the  arisen  field  to  the  spiral.  With  the  preset  system- 
geometry  and  constant  voltage  and  pressure,  the  beam 
current  growth  will  reduce  the  ratio  Si/Se.  { 6e  is  the 
electron  charge  density  ). 

Field  £  14_7  presents  universal  curves  of  the  den¬ 
sity  of  ions  {  Fig, 4) for  various  pressures  with  constant 
gradient  at  the  entrance  opening  (determined  by  external 


[“factors),,  The  beam  velocity  corresponds  to  6000  v.  If,  J 
after  having  begun  with  a  definite  gradient . value,  the 
curve  of  ion  density  reaches  the  value  of  the  electron 
—  density  magnitude  at  a,  considerable  distance  from  the 

collector,  the  density  of  ions  is  no  longer  increased  and 
remains  equal  to  the  electronic  in  the  entire  distance 
remaining  to  the  collector. 


Fig. 4,  Distribution  of  Density  of 
ions  in  the  system  length  (  density 
of  ions  6 ?  expressed  In  the  number 
of  ions  per  centimeter) :  1  -  electron  . 
beam?  2  -  collector;  3  -  curve  of  the 
density  of  electrons. 

Of  interest  is  the  magnitude  of  the  distance  from 
the  collector-  to  the  point  at  which  the  density  of  ions 
reaches  the  density  of  electrons  {  Fig.4,c).  This  value 
can  be  determined  from  (6). 


Ion  Density  In  a  Beam  of  Variable  Diameter 
The  electron  beam  devices  that  use  extended 


l^electron  blasts,  .usually  operate  with  the  application  of  j 
magnetic  ■  focusing.  In  the  majority  of  cases,,  the  Brill ou« 
in  stream  is  used  to  obtain  a  beam  with  invariable  dia- 
— *  meter,  since  at  the  ease  time  the  least  magnitude  of 

focusing  field  is  required.  In  practice,  it  Is  difficult  . 

•  to  fulfill  the  conditions  of  Brlllcuin  especially  at  the 
entrance  to  the  magnetic  field.  For.  good  origin  of  the 
beam  in  the  transit  channel.  It  is  necessary  to  work  with 
a  magnetic  field  of  somewhat  larger  magnitude  than,  in 
Brillouin  £  15, 16, 1? J»  In  this  case  the  beam  assumes  a 
nodular  form'  and  the  potential  distribution  in  the  beam 

/.C 

will  be  non-homogeneous  with  a  series  of  isolated  potential 
wells  ("pits”  in  the  narrow  places  of  the  beam).  If  the 
beam  diameter  varies  'two- fold  then  the  potential  at  the 
axis  is  the  beam8©  narrow  .part  will  be  several  scores  of 
volts  more  negative  than  at  the  axis  in  the  broad  part 
£ \5j.  The  potential  ‘‘pits**  are  . traps  for  lone  which 
accumulating  in  considerable  quantity  in  the  depth  of  the 
"pits”  equalize  the  potential  profile  (Pig. 5).  The  surplus 
of  ions  above  that  which  is  essential  for  complete  neutra¬ 
lization  of  the  potential  Hpltn,  can  be  drawn  along  the 
axis  or  recombined.  The  presence  of  Ions  at  the  beams 
narrow  spots  can  change  the  trajectories  of  electrons,  and 
it  can  be  assumed,  that  in  conditions  of  a  finally 


established  equilibrium  in  the  presence  of  ions,  the  j 
fluctuations  of  beam  diameter  will  b©  of  greater  magnitude 
than  in  the  absence  of  ions®  The  degree  of  neu i>raliza  uion 
derived  is  at  the  ease  time  somewhat  greater  than  aecord~~~ 
ing  to  the  theory  of  Field®  This  must  be  kept  in  mind  when 
designing  elec tronopt leal  systems  for  devices  operating 
with  intensive  beams  in  conditions  of  comparatively  "poor" 
vacuum  {  order  of  3  to  5»10~6  ram  of  mercury  column). 


Fig. 5*  Distribution  of  potential  in 
length  of  beam  focused  by  magnetic 
field i  1  -  beam;  2  -  magnetic  screen; 
3  -  potential  at  axis  with  f 
mm  of  mercury  column;  4  -  potential 
at  the  axle  with  p  «  'w10**o  mm  of 
mercury  column;  5  **  potential  at  axis 
in  the  absence  of  ions. 


ation  of.  Neutral  1  zat Ion  of 


Space  Charge  Field 

One  of  the  ways  of  investigating  the  theory  of  ion 
accumulation  in  the  transit  channel  Is  the  measurement  of 
the  degree  of  neutralization  with  positive  charges  of  the 
electron  beam  in  the  function  of  pressure.  The  degree  ofj 
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neutralization  can  be  determined  by  Ofu  be&asTl 

Such  investigations  were  made  for  the  first  time  by  Field 
and  others  f  \h  J .  The  beam  diameter  In  the  investiga¬ 
tions  was  determined  by  heating  the  metal  target  (inasmuch 
as  the  beam  diameter  in  the  experimental  investigations 
was  of  the  order  of  1  inch,  the  accuracy  of  such  measure¬ 
ments  for  qualitative  explanation  of  results  can  toe  con¬ 
sidered  sufficient). 

The  results  of  the  experiment  are  presented  in 
Fig. 6, a.  The  parameter  is  the  energy  of  electrons  moving 
in  the  equipotentl&l  transit  space.  The  experimental  data 
are  in  satisfactory  accord  with  the  calculated  (Fig.6,b) . 
Electron  beams  with  low  velocity  are  appreciably  expan¬ 
ded  at  a  vacuum  higher  than  high-voltage,  their  expansion 
growing  in  lesser  degree  than  the  pressure  falls  and, 
moreover,  they  possess  the  greatest  terminal  dispersion. 

The  foregoing  findings  relate  to  the  case  when 
no  measures  of  any  kind  were  taken  for  accumulation  of  ions 
in  the  system  *  &  transit  channel.  Besides  the  electrical 
field  penetrates  through  the  opening  in  the  anode  plate 
to  the  equlpotential  space  of  the  transit  tube  and  draws 
ions  intensively  toward  the  cathode.  (If  the  diaphragm- 
cylinder  system  is  used,  the  penetrating  field  will  be  of 
the  order  of  0.1  %  of  the  maximal  field  in  the  accelerat- 
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Fig. 6.  Dependence  of  Bea.ni  Dispersion^ 
on  pressures  <1  =  5-0  ms;  $  =  0,1  a/OEf-; 

|  a  36  cm;  *>  -experimental,  i>  theore¬ 
tical  . 

The  imposition  of  &  potential  opposite  in  sign  to 
the  zone  of  the  opening  excludes  the  axial  drawing  of  ions 
to  the  cathode.  The  principle  of  the  ion  trap  (  Fig, 7)  Is 
also  based  or  this.  The  potential  at  the  axis  of  the  system 
in  the  neutralized  bears  will  be  somewhat  lower  than  the 
potential  of  the  transit  tube  V0  by  a  magnitude  depending 
on  the  beam  parameters ,  If  the  beam  retains  ions  from  tne, 


r~rlght  of  cross  section  AA»  the  potential  at  the  axis  J 
from  the  right  of  AA  approximates  the  potential  V0  by  a 
value  depending  on  the  degree  of  neutralisation.  In  case 
—  of  full  neutralization  the  potential  at  the  axis  reaches 
the  value  Vo*  This  means*  that  for  effective  accumulation 
of  ions  from  the  right  of  ,AA,  it  is  essential  to  have  a 
voltage  somewhat  higher  then.  Vo  in  the  trap.  According  to 
Field's  findings  AV  must  by  -a- few.-  volts  In  all  exceed 
the  value  of  potential  sagging.  (If  sagging  is  of  the  or¬ 
der  of  10  v,  /lV  is  sufficient  to  have  a  value  of  15  v)  • 

A^r  .  tv* 

/  _ _ _ _ _ 


Fig,?.  Diagram  of  the  action  of  an 
ion  traps  1  -  electrode  of  trap  of  ions; 

2  -  electron  beam;  3  -  transit  tube; 

4  -  potential  curve  at  full  neutralisa¬ 
tion;  5  -  potential  curve  in  beam-  (at 
the  axis)  without  ions, 

The  following  data  from  the  experiments  of  Field 
are  interesting,  A  beam  of  130  ma  at  7300  v  was  formed. 
At  a  distance  of  36  cm  the  beam  diverged  in  two.  The  im~ 
j  position  of  15  v  on  the  ionic  trap  completely  ellmlnatedj 


-the  beam  expansion.  "  i 

‘  fhe  problem  of  the  neutralization  of  a  magnetic¬ 
ally  focused  electron  beam  with  positive  ions  was  Inves¬ 
tigated  experimentally  by  Hines  and  others  /  15  J  ^~n  &a& 
of  the  models  of  traveling  wave  amplifier.  The  moo if led  . 
•traveling  wave  amplifier  tube  (Pig* 8}  was  equipped  with 
. an  additional  collector  of  ions,  arranged  concentrically 
with  a  hollow  electron  collector.  The  constant  potentials 
at  the  tube  electrodes  are  so  selected  that  the  positive 
ions, which  arise  in  the  son©  of  the  spiral* can  be  drawn 
to  the  ion  collector*  The  investigations  were  road©  In 
impulse  conditions  with  pule®  duration  of  the  order  of 
700  msec  and  repetition  frequency  of  60  per/sec.  Accord¬ 
ing  to  the  findings  fl2j%  the  pulse  duration  is  fully 
adequate  for  accumulation  of  an  ionic  charge.  The  method 
of  Hines  differed  from  the  method  of  Field  and  others.  In 
the  process  of  experimental  tests'  the' form  of  the  current 
at  the  ion  collector  was  Investigated.  It  was  found  that 
several  micro  seconds  pass  'before  the  ion  current  in  the 
collector  reaches  its  balanced  value.  The  positive  charge 
which  cannot  at  once  reach  the  ion  collector,  but  which 
nevertheless  begins  to  form  as . soon  as  the  electron  cur¬ 
rent  appears,  represents  ions  remaining  somewhere  In  the 
zone  of  the  spiral,  it  can  be  assumed  that  the  Integra- 
Lation  in  time  of  ion  curren ^Shortages  to  the  balanced  vaini 
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•yield®  a  purely  ionic  charge  residual  in  the  beam  {Fig.  J 
9) 

Qi ~ JO', fe«s  ~~  h («! dt , 

0 

in  which  Q;  is  the  charge  in  coulombs;!  i  ,mx  is  the 
balanced  value  of  ion  current  in  amperes ;  Ik^)  Is  the  \ 
instantaneous  value  of*  ion  current  in  amperes; T  is  .the 
time  in  seconds  required  for  the  ion  current  to  reach  its 
balanced  value.  The  full  space  charge  in  the  electron 
beam  in  the  son©  of  the  tube  spiral  is  expressed  as 

Q«”  — ki r,t 

(2i »FF 

.where  is  the  charge  of  the  beam  electrons  in  coulombs; 
ie  is  the  electronic  current  in  amperes;  V  Is  the  poten- 
ial  of  the  spiral  in  volts;  l  Is  the  spiral  length  in  me¬ 
ters  - 


The  mean  value  of  the  degree  of  neutralization  by  positive 
ions  in  the  zone  of  the  tube  spiral  is  defined  by  the  ratio 
Qi  /Qc  * 


During  the  experiments  the  beam  was  speeded  up  to 
a  velocity  of  1000  v,  the  spiral  had  a  potential  50  v  be¬ 
low  the  anode  potential,  and  the  electron  collector  poten¬ 


tial  was  100  v  below  the  anode  potential.  During  the 
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Fig.  8,  Setup  of  the  Hines  expe¬ 
riments  1}  cathode;  2)  anode 5  3) 

spinal  coil?  4)  electron  colieooo 
5)  ion  collector;  6)  ionic  trap? 
7}  ion  extraction. 


s>  met  f" 


Fig* 9*  Curve  of  Ion  Current 
■  Growth, 

experiment  the  pressure  In  the  tube  was  changed  by 
variation  of  the  evacuation  line  resistance*  Fig.  10  shows 


the  degree  of  neutralization  by  positive  ions  in  the  fun 


ction  of  pressure.  Cited  there  also  are  the  values  of  the 
maximal  neutralization  calculated  according  to  Field's 


theory.  The  correspondence  between  them  1b  satisfactory 
with  small  order  of  magnitude  of  pressure  variation*  The 


Fig, 10.  Dependence  of  neutralization 
on  pressure  calculation 

according  to  Field,  Hines  ex** 

perlment) , 

authors  (Hines  and  others)  reached,  the  conclusion  that  the 
theory  of  ion  accumulation  of  Field  and  others  is  applic¬ 
able  to  magnetically- focused  beams  when  the  beam 


approximates  a  cylindrical  form*  j 

Ginzton  and  W&dla  [\ 3/  carried  out  an  experiment¬ 
al  investigation  of  the-  possibility  of  applying  an  ion 
trap  for  the  conditions  of  &  beam  characteristic 'for  the  — 
usual  klystrons  and  traveling  wave  amplifier  tube.  Grid-  , 
less  ion  traps  made  in  the  form  of  a  ring  or  diaphragm 
were  investigated.  The  grid  type  traps  were  not  applied 
because  of  the  complexity  of  power  dispersion  by  the  grid. 
The  attempts  to  us©  the  trap  described  by  Field  in  real 

4; 

el ec tronop tl cal  systems  of  klystrons  and  traveling  wave 
amplifiers  failed.  Shown  In  Fig  11  is  the  circuit  of  the 
experimental  investigations  of  the  authors  of  study  jT  1^7. 


Fig, 1 1 .  Circuit  of  Experiments  of 
Ginzton  and  Wad  la 

a  -  anode 
b  -  collector 
c  -  cathode 
d  -  evacuation 
e  -  milliampereaetera. 

Let  us  examine  the  curves  they  received  of  the 
dependence  of  the  passage  of  current  in  the  collector 
U  Fig. 12)  on  the  function  of  the  Ion  trap  potential 


■for  various  (relative  to  the  cathode)  positions  of  the 
trap  rings  (  the  first  ring  is  located  closest  to  the 


cathode) 
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a-  current  passage 
in  collector 


X U  V  V V  v>v *. 

Fig. ts;  Dependence  of  Current  Passage 
in  the  collector-  on  the  potential  Utr 
in  the  tra parings  (Vv  =  200  v; 
p  -  2,6*  tO"?  am  of  mercury  column). 

The  greatest  current  passage  (Fig  12)  le  observed 
in  that  case  when  a  definite  trapping  voltage  is  applied 
to  the  fourth  ring  of  the  trap.  Change  in  the  magnitude 
and  place  of  voltage  application  in  the  trap  causes 
considerable  reduction  of  current  passage,  (It  should  be 
observed  that  with  the  voltage  In  the  trap  selected  by 
the  authors,  the  effect  of  the  electrostatic  lens  is 
felt,  which  is  also  the  explanation  of  the  course  of  the 
curves  in  Fig, 11).  The  position  of  the  trapping  ring  at 
which  the  greatest  current  passage  is  obtained  {  in  the 
given,  case-  No  4)  corresponds,  the  authors  think,  to  the 
point  of  the  beam  crossover.  With  the  greatest  current 
circuit,  the  current  in  the  collector  reaches  only  25  %•  j 


j~ These  results  differ  from  those  received  by  Field  and  j 
others,. 

The  authors  of  study  f 13 J  are  of  the  opinion 

that  the  idealized  theory  of  Field  can  be  applied  for 
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a  thin  beam  with  low  conductivity  (  I/U'^'O,  The  main 
difficulty  In  designing  ion  traps  consists  in  determining 
the  electrical  field  in  the  tone  of  the  trap.  The  poten¬ 
tial  distribution  in  the  trapping  sene:. % e  determined  by 
three  fields: (a)  the  field  formed  by  the  trap  potential 
positive  in  relation  to  the  transit  tube;  (b)  the  field 
of  the  space  charge  of  beam  electrons; (c)  the  field  of  the 
positive  charge  of  ions  detained  In  this  zone. 

With  voltage  present  in  the  trap  the  distribution 
of  potentials  can  b©  determined  in  an  electrolytic  bath. 
The  effect  of  the  action  of  the  beam  space  charge  is 
roughly  estimated  analytically  or  graphically.  In  conse¬ 
quence  the  ion  trapping  position  can  be  determined  of  the 
equipotentlal  surface  having  the  potential  of  the  transit 
tube.  Shown  in  Fig, 13  is  the  distribution  of  trapping 
equipotentials  for  three  values  of  voltages  in  the  trap 
for  the  beam  with  a  velocity  of  2000  v  and  conductivity 
of  1,0?  to  10“^,  just  filling  the  transit  tube.  In  the 
first  case  (a)  the  voltage  in  the  trap  is  sufficient  for 
trapping  ions  and  the  beam  can  be  fully  neutralized  from 

L  _j 


Fig. 1 3.  Distribution  of  trapping 
potentials. 

a  -  cathode 

b  -  circuit 'without  Ions 
c  -  circuit  changed  by  Ions 

diagram  shows  the  zone  In  which  the  potential  is  higher 
than  the  potential  in  the  trap  (V^)j  consequently*  all  the 
positive  ions  formed  in  this  zone  are  driven  back  to  the 
wall  or  flow  to  the  zone*  with  lower  potential.  The  cross- 
hatched  zone  cannot,  therefore,  in  any  appreciable  measure, 
neutralize  its  space  charge.  The  apace  from  the  right  is 
the  zone  completely  surrounded  by  potential  Vo.  The  positive 
ions  that  are  in  this  zone,  will  remain  here  and  neutral ze 
the  beam.  As  soon  as  neutralisation  begins  V0  equipotent- 
ial  is  shifted  to  the  right  owing  to  the  accumulation  of 
positive  charges  and,  naturally,  the  trapping  zone  migrates 
|  to  the  depth  of  the  transit  tube.  j 


r~  in  the  second  case  (b)  the  magnitude  of  the  [ 

voltage  in  the  trap  is  less  than  the  minimal  essential 
for  accumulation.  The  space  ,  cro  sshatched  with  lines, 
is  the  zone  with  potential  higher  than  V0  and,  consequent¬ 
ly  t  must  be  free  of  ions.  The  space  in  which  the  poten¬ 
tial  is  lower  than.  Vo  has  direct  connections  with  the  low 
potential  area  near  the  cathode,  to  which  the  ions  are 
continuously  drawn.  Some  accumulation  of  ions  can  take 
place  only  inside  the  space  surrounded  by  the  circuit  In¬ 
dicated  by  the  dashed  line  in  Fig  1 3»b.  Me  denote  the  po¬ 
tential  in  this  circuit  xv©  where  <Z  1  •  With  accum¬ 
ulation  of  positive  charges  the  equipo tenti al  xV©  will 
be  shifted  just  as  in  the  case  (Fig. 13, a)  to  the  right. 

In  this  case  neutralization  can  be  considerable?  first, 
the  trapping  zone  is  small  and  second  the  accumulation  of 
ions  takes  place  inside  the  circuit  of  a  potential  less 
than  V0.  With  a  high  potential  in  the  trap  (Fig. 13, c)  the 
trapping  zone  is  removed  far  to  the  right,  which  increases 
considerably  the  length  of  the  beam  *  s  non-neutral is ed  part. 

On  the  basis  of  the  views  cited  above  about  the 
events  taking  place  In  the  zone  of  the  ion  trap,  Ginzton 
and  Wadis  examined  the  effect  of  current  circuit  through 
the  zone  neutralized  by  lone. 

Electrons  passing  through  this  neutralized 

\  _J 
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r— equipotential  space,  preserve  their  velocity  and  initial*"! 
travel'  direction.  The  slope  of  the  trajectory  of  each  el¬ 
ectron  at  the  entrance  to  the  gone  of  ion  accumulation  is, 

.  therefore,  a  most  Important  factor  essentially  determining 
the  further  behaviour  of  the  beam*  With  the  use  of  ion 
•  traps  the  beet  passage  of  current  can  be  obtained  either 
with  a  parallel  beam  or  in  that  case  if  the  trapping  equi- 
potential  will  coincide  with  the  electron  beam  crossover. 
Fro®  her©  also  originate  the  .reasons  for  the  complexity 
of  applying  Ion  traps  in  real  conditions:  (1)  it  is  impos¬ 
sible  to  .■.'■determine  accurately  the  trapping  equip©  tent  i al ; 
(2)  in  real  conditions  it  1©  difficult  to  determine  the 
position  of  the  crossover,  which  can  be  changed  with  vari¬ 
ation  of  the  electron ‘beam  device* e  operating  conditions. 
The  latter  also  apparently  explains  the  fact  that  the  mag¬ 
nitude  of  limit  currents  in  the  presence  of  ions, according 
to  experimental  data  of  A  *  V ,  Go  1 enber g  £  t8  Jf  is  close  to 
that  calculated  according  to  formulas  for  a  neutralized 
beam  j£  19s  2C  J '» 

It  is  interesting  to  examine  the  effect  of  the  mi¬ 
gration  of  the  trap  electrode.  With  placement  of  the  ring 
close  to  the  cathode,  the  voltage  required  for  the  best 
passage  of  current ,  becomes  higher,  which  ie  apparently 
to  be  explained  by  the  point  that  the  drawing  field  has 
Latronger  effect  close  to  the  cathode. 


r 


if 


the  surface  of  accumulation  is  deepened  in 


the  zone  where  the  feeasa  diverges,  the  electrons  will  move 
with  the  same  positive  slope  and  only  &  small  improvement 
of  current  circuit  can  he  expected*  If  the  trapping 
voltage  is  applied  to  the  electrode  close  to  the  cathode, 
the  beam  will  converge  to  the  crossover  and  beyond  again 


diverge.  The  position  of  the  trapping  ring,  that  will 
shift  the  surface  of  accumulation  close  to  the  crossover. 


will  give  the  best  results. 


Conclusion 

In  conclusion  the  following,  can  be  observed s 

The  theory  of  Field  and  others  13 J  is  applicable 
only  in  special  cases  of  thin  beams  of  low  conductivity. 

The  conditions  of  perfect  accumulation  can  be  fairly  sim¬ 
ply  determined;  they  are  not  very  readily  realised,  however, 
in  gridless  ion  traps.  Many  difficulties  are  associated 
with  the  point  that  the  ele ctronop ti c&l,  systems  of  devi¬ 
ces  are  not  designed  from  the  viewpoint  of  the  correct  ; 
position  of  the  ion  trap.  It  is,  therefore,  impossible 
to  get  a  configuration  of  trapping  field  such  that  not 
all  the  beam  electrons  enter  it  with  zero  slope  of  tra¬ 
jectory. 

A  series  of  experimental  investigations  have  in 
recent  years  been  made  of  the  compensation  of  the  electro^ 


j~"‘beam  space  charge  £'21 f 2 2  J«  One  of  the  studies  /£*§/  1 

1  is  devoted  to  an  experimental  investigation  of  the  influ¬ 
ence  positive  ions  have  on  the  focusing  of  electron  beams 
•  In  a  vacuum  of  1*10“^  to  3»t0*'^  mm  of  mercury  column,  and 
the  presence  of  a  longitudinal  focusing  magnetic  field. 

As  the  experiment  demonstrated,  even  with  full  neutrali¬ 
sation  of  the  beam,  it  is  not  possible-  as  yet  to  lower 
the  magnitude  of  the  magnetic  field  necessary  for  focusing 
and  reduce  the  current  sagging  in  the  transit  tube.  This 
is  apparently  to  be  explained  by  the  presence  of  radial 
components  of  the  velocities  of  electrons  at  the  entrance 
to  the  transit  channel,  which  is  practically  always  chara¬ 
cteristic  for  the  Brilleuln  systems  of  focusing, the  most 
prevalent  at  present. 

The  application  of  ion  traps  is  for  the  time  being 
expedient  mainly  for  preventing  destruction  of  the  cathode 
by  positive  ions  and  increasing  the  service  terms  of  cath¬ 
odes  operating  with  large  current  load. 

The  use  of  ion  traps  for  improvement  of  passage 

beam 

of7eurrent  is  perspective  in  the  optics  of  beams  close  to 
parallel. 

In  work  £  22 J  a  study  of  the  neutralization  of 
the  space  charge  of  a  cylindrical  electron  beam  with  vir¬ 
tual  cathode  was  made  In  pulse  conditions  through  the 


measurement  of  the  electrical  field  of  the  beam’s  j 

volume  charge  (  the  metnod  ,  described  xn  f  12_/  i  * 

The  brief  survey  given  above  shows  that  uue  el era— 
entary  theory  of  electron  .  stream  neutralization,  by  j.ons,  - 
developed  at  present,  does  not  offer  an.  explanation  ol 
all  the  phenomenon  occurring  in  the  zone  of  ion  accumu¬ 
lation  and  does  not  permit  using  Its  principal  deductions 
for  developing  electronoptical  systems  with  ion  traps. 
This  indicates  the  necessity  of  elaborating  a  strxct 
theory  of  ion  accumulation  in  the  conditions  of  higu 
vacuum  and  further  experimental  Investigations  in  this 
field. 
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turetior.  Conditions  in  Semi  conductor  Triodes 
with  Large  Signals 
#  3 

by  V, A. Kuz’min 


The  limits  are  given  of  the  applicability  of  the 


sm 


mall  signal  theory  for  saturation  conditions 


The 


work  of  alloy-type  semi conductor  triodes  in  saturat¬ 
ion  conditions  is  examined  in  the  case  of  arbitrary 
levels  of  injection.  The  effect  the  .electron  compon¬ 
ent  of  the  current  through  the  junction  has  on  the 
resorption  time  is  taken  into  account.  The  tncoreo- 
leal  deductions  are  verified  experimentally. 


Introduction 

Interest  In  the  study  of  saturation*  s  specific 
condition  In  the  work  ox'  semiconductor  triodes  tn&t  is 
very  frequently  met  in  pulse  circuits,  has  grown  In  recent 
years  in  connection  with  the  wide  use  of  semiconductor 
triodes  in  various  devices. 

The  first  attempt  to  offer  a  theory  of  saturation 
conditions  was  undertaken  in  work  £  \  J  %  in  which  by  _j 
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j~~ means  of  a  small- signal  equivalent  circuit  of 
in  the  saturation  area,  formulae  were  derived 


the  triode~l 
for  the 


resorption  time  of  charge  carriers  in  the  switching 
circuit  (  Fig, 1 ) , 


Fig„ 1 „  Switching  circuit: 

a  -  with  general  base; 
b  -  with  general  emitter. 

In  the  works  /  2,3  J  the  continuity  equation  was 
solved  for  holes  in  the  triode  base  in  the  saturation 
area.  Examined  herewith  in  £~ 2 J  was  the  case  of  the 
effect  b,  square  pulse  of  long  duration  current  has  on 
a  switching  circuit  with  a  general  base  and  in  /"*  3  J  the 
more  general  case  of  the  effect  &  current  pulse  of  arbi¬ 
trary  duration  has  on  the  switching  circuit.  In  both 
studies  the  problem  was  solved  within  the  framework  of 
of  the  Shokii  theory;  in  them, however,  the  limits  of  the 
applicability  of  the  smell  signal  theory  for  the  saturat¬ 
ion  area  were  not  examined. 

In  practical  circuits,  the  saturation  conditions 
are  as  a  rule  realized  with  large  signals;  therefore, 
L_such  a  theory  of  saturation  conditions  represents  the  _ 1 
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pgresteat  theoretical  and  practical  interest,  a  theory  j 
that  might  be  applied  for  any  levels  of  injection  to  a 
triode  with  arbitrary  base  geometry,  i«  e,  in  the  very 
-  general  case. 

Limits  of  ApplicabnLt^._PXJM 
Theory  to  Saturation  Conditions 
The  email  signal  theory  for  amplifying  conditions 
is  correct  in  case  the  concentration  of  holes  in  the  base 
with  electron  conductance' is  much  less  than  the  concentra¬ 
tion  of  electrons  £ 4  J,  In. a  similar  way  it  can  be  demon¬ 
strated  that  in  the  saturation  area  the  small  signal  the¬ 
ory  is  correct  under  the  same  condition  —  f  or 

Nj.  The  distribution  of  holes  p(K)  in  the  base  at 
the  moment  of  switching  t©(  Fig,  2  }  with  large  t0 was  ob¬ 
tained  in  £ 2  j .  With  an  accuracy  to  terms  of  the  third 
order  of  an  infinitesimal 


W  _  [ 

'  (x\=  ~i7Frs  I 

in  which  Ig,  =  lv  —  I»1b  the-  base  current  in  saturation 
conditions;  W  is  the  base  thickness;  S  is  the  area  of  the 
junctions  of  emitter  and  collector;  *  Tp  is  the 

j  diffusion  length  of  holes  in  the  base. 


Fig. 2*  Currents  in  the  switching 
circuit  with  general  base  depend¬ 
ing  on  time;  a  -  input  current, 
b  -  output  current. 

Taking  into  account  that  W2/2L ^ p  =  1  *~^and 
%-  o,  the  concentration  of  holes  in  the  emitter  is 
equal  to 


The  difference  of  hole  concentration  in  emitter  and 
collector  f{0)  p(W }  is  found,  equal  to 


2  qD,S 


|  /*t  +  I  tm  ) 


Further  we  will  consider-  that  the  “degree  of 
saturation”  of  the  tried e  is  sufficiently  large,  i.e 

f*}>  (  1  P)  *»»•  (2) 


which  is  usually  realized  in  saturation  conditions. 

1  Physically  this  condition  means  that  the  charge 


i 


of  the  holes  in  the  base  with  saturation  exceeds  consider-* 
ably  the  charge  corresponding  to  the  seme  emitter  current 
in  an  amplification  condition.  At  the  same  time  it  Is 
found  that  the  relationship 


jliL  ~  jji.  i~ . £ 


is  substantially  less  than  unity,  l.e.  the  concentrations 
of  holes  in  the  emitter  and  collector  are  close  in  value. 

Taking  (2}  into  account,  equation  (1}  is  simplified 
and  assumes  -the  form:  . 


iCvtVVe. ^Lurt > -SiK***  * 

J  W  '  ,  (3) 

We  will  assume  that  the  condition  of  the  signal  *  e 
smallness  is?  still  fulfilled,  if  p/N<f-j^0.1 .  According 
to  (3)  this  corresponds  to  base  currents 


in  which  Ieos  0.1  *Dp  eS''H^/W  is  the  maximal  emitter 
current  in  amplifying  conditions,  corresponding  to  the 
small  signal.  For  Russian  triodee  Ml  and  (\s 
Ifc,^30  microamperes.  We  not©,  however,  that  the  criterion 
of  signal  smallness  cited  above  for  the: current  close  . 


to  saturation  conditions  is  the  logical  consequence  of 


the  application  of  the  Sholcli  theory  to  a  one-dlmen- 
sional  model*  The  quantitative  estimates  derived  will, 
therefore,  be  correct  only  to  the  extent  to  which  the 
real  tried e  In  saturation  conditions  is  close  to  the 
one-dimensional ,  which  is  not  fulfilled  for  modem  alloy 
type  tr. lodes* 

Saturation  Conditions  with  Arbitrary 
Levels  of  Injection 

With  large  levels  of  Injection,  electrical  field 
E  has  an  influence  on  the  distribution  of  holes  in  the 


emitter  base;  calculation  of  the  field  is  connected;, 
with  great  difficulties,  especially  in  the  case  of  the 
non-unid Imeu atonal  triode  model*  Moreover,  appreciable 
electron  currents  flow  through  the  junctions*  Direct 
solution  of  the  continuity ' equation,  therefore,  is  a 
very  complex  problem  and  the  examination  of  the  resorp¬ 
tion  process  will  be  conducted  by  another  method  /  5 J* 

Let  us  integrate  the  continuity  equation  for  holes 
dp  __  j>  —  pe,  __  d  j v  Lt,  .. 


in  the  entire  volume  of  base  ¥  and  designate 


pin  which  Ier  and  *cr  are  the  hole  components  of  the  | 
1  currents  of  emitter  and  collector.  We  note  that  to 
derive  equation  (4)  we  are  not  required  to  consider 
-  field  E  in  the  base  equal  to  ge.ro,  since  the  divergence 
of  hole  current,  l.e.  a  complete  differential,  enters 
the  continuity  equation  for  holes. 

Equation  (4)  can  be  used  for  calculating  processes 
whose  constant,  time  exceeds  considerably  the  dif.fusi.Oix 

h)2 


time 


t  pa.  n A>  >of .  bm  > 

2  Bp 


,  Then  at  each  moment  of  time  the  dis¬ 
tribution  of  holes  in  the  base  can  be  considered  station¬ 
ary,  corresponding  to  the  collector  current  at  that  mom¬ 
ent  of  time. 

Before  turning  to  calculation  of  resorption  time 
in  the  switching  circuit  (Fig. 1),  let  us  examine  two 
subsidiary  questions. 

( a 5  Effect  of  the  era i tter  el e otrpiL.PJ^rent ^njhe 
transfer  characteristics  q  !*__&_  trlode  ppnh.epted.  „in__a__cir- 

Let  us  assume  that  at  the  input  of;. a-  triode  opera¬ 
ting  in  amplifying  conditions  in  a  circuit  -with  a  general 
emitter,  base  current  pulse  X^,  is  supplied  at  a  certain 
moment  of  time.  We  will  examine  how  the  charge  Q  in  the 
base  is  changed. 

In  the  amplifying  conditions;  Ier  —  Ier  55  •  \j 


I  4-5. 


%**"  %rv  <  where  I3>v  is  the  emitter  electron  ourrentT*} 


and  sanation  (4)  ase-um'ee  the  forms  ; 


lf,% 


According  to  the  known  small  signal  theory  for- 
ujulas  correct  with  sufficiently  small  base  current  » 
the  electron  current  Ig^is  connected  by  linear  dependents 
with  the  concentration  of  holes  in  the  base  of  emitter 
p(0) »  On  the  other-  hand  it  can  he  stated  that  the  conrpl 


ete  charge  of  holes  in  the  base  Q,  Is, during  the  entire 
transfer  process ? also  proportional  to  the  concentration 
f>(0)9  Inasmuch  as  the  constant  tine  of  the  transfer 
process  is  considerably  greater  than  the  time  of  diffusion 
of  holes  through  the  base  T~.»  It  can'  thus  be  assumed 


in  which  1  is  the  factor  of  proportionality. 

It  can.  be  shown  that  T^j  is  expressed  through  the 
injection  factor  J  and  diffusion  time  “C^  according  to 
the  formula 

.  _  1  'J& 

1  —  7  (7) 


Solving  equation  {5}  with  consideration  of  (6) 
we  derive  that  the  charge  of  the  holes  in  the  base 


(and,  consequently,  also  the  collector  current)  varies 
with  the  constant  time  Xr?  <C  ’fp  •  *  whereupon 

V  i 

|  ■  i  i 

■  *  _  ^  /  n  t 


We  note  that  the  value  f«*  calculated  according  to  for- 

I 

Bjul&a  (7)  and  (8)  is  found  to  be  extremely  close  to  the 
constant  time  of  the  ,tra.rAf©siv process,  calculated  from 
the  approximate  .formula  (18)  of  work  '£“ 6  J , 

In  case  the  level  of  injection  of  holes  in  the  base 
is  not  small,  then  it  is,  strictly  speaking,  impossible 
to  consider  the  electron  current  proportional  to  the  full 
charge  Q.  Measuring  the  constant  time  Tp#  of  the  .transfer 
characteristics  of  the  trlode  with  large  base  currents  and 
knowing  Tp  ,  It  is  possible  from  the  relationships  (8)  to 
determine  the  average  for  this  base  current. 

(b)  the  inverted  trlode  -operati on. 

The  trlode  in  which  collector  and  emitter-  change 
places  during  operation  In  amplifying  conditions,  we  will 
call  a  trlode  in  inverted  connection,  or  simply  inverted 


trlode. 

The  distribution  of  holes  in  the  base  in  saturation 
conditions  and  with  inverted  connection  has  much  In  com¬ 
mon?  for  example,  in  both  cases  the  concentration  of  holes 
in  the  collector  is  more  balanced.  Before  turning  directly 
to  the  saturation’  conditions,  it  is  therefore  necessary _ j 


|  Briefly  to  analyze  the  operation  of  the  inverted  triodeTl 
The  cross  section  of  an  alloy-type  irlode  is  shown 
schematically  In  Pig, 3.  The  part  of  the  base  voluzr.e  In 
which  the  holes  ere  during  tried©  operation  in  inverted 
connection,  are  crosshair  abed. 


Pi8» 3*  Alloy-type  semiconductor 
triode  (  cross  section) 

a  -  collector 
b  -  base 
0  -  emitter 

The  holes  emitted  by  the  central  part  of  the  collector 
having  area  S©f  land  in  the  emitter,  while  the  holes  emit¬ 
ted  by  the  peripheral  part  of  the  collector  with  area  Sc 
*—  hot  land  in  the  emitter  and  Combine  on  the  sur¬ 

face  arid  in  the  volume  of  germanium.  Besides,  undoubtedly, 
certain  boundary  effects  occur,  which  we  disregard. 

Inside  the  volume  Se  •  W  the  distribution  of  holes 
from  collector  to  emitter  ie  linear,  but  outside  this  vol¬ 
ume  the  holes  are  distributed  according  to  the  law  jp(xtyfz) 

-  ps  nv  ( W }  * f  ( ,  where  f^Ilv(W)  is  the  concentration  of 
holes  in  the  base  at  the  collector,  and  •f  (x,y,2)  ie  the 
function  of  distribution  depending  on  many  factors,  chiefly, 

|  on  the  base  geometry  and  the  velocity  of  surface  recoin-  _J 


blnation 


The  amplification  factor  in  direct  current  of 
the  tried©  in  inverted  connection  is 


a..,f 

•I* ‘l' 
f  Hv 


_ _ _ 

QiX-SyP^  (W)}W  +  tfDp'lSx  S*)-V  Ptfo'lW) 

r  •;  .....  rs  y-^y 


a  -  inverted 

in  which  \7p',nv(¥5  is  the  average  gradient  of  holes  at 

the  collector  outside  the  Se*W  area* 

Hence  .  1  —  _  -S, _ # 

s<  ~  S» 


vp«>  ( w)  =■  mj  w 

,<ww- 


Assuming 
the  value 


Oy  i  5  "'U'  HJt 


A 


s,  -  5, 


<sw  0,5, 


we  derive  that 

(9) 


The  charge  of  holes  in  the  base  with  Inverted  connection 
is 


Q  -  q^(W)S,W/2  +  qp^m  )/<*.**}  dY 

Jkmt  v 


10} 


where  Vt  Is  the  base  volume  with  deduction  8e  W, 

The  transfer  characteristics  of  an  inverted  tried© 
connected  in  a  circuit  with  general  emitter,  has  the  form 
of  exponents,  the  constant  time  of  which  is  somewhat  redu¬ 
ced  with  the  growth  of  the  base  input  current.  Presented 
1  in  Table  1  are  the  constant  time a  of  these  transfer  -J 


characteristic e  experimentally  measured  with  large  base  j 
currents . 

The  duration- of  the  constant  time  was  determined 
according  to  'calibration  marks  1  and  0. 1  microseconds 
of  oscillograph  20-4 , 


fable  1 


%  (ffi a) 

Constant  time  In  microseconds 

Tll^c  fb  1 

Mm  K>i2 

Hi#  No 3  065  M>41 
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3  0 
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100 
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s:  2 

A.  0 

(f  .  0 

7-,  6 

un? 

7.0 

t-!T 

t-r 

73 

¥  r 

As  is  evident  from  Table  1 ,  with  growth  of  base  in¬ 
put  current  to  100  ma  the  constant  time  Is  reduced  not  more 
than  20  %  as  compared  with  »  the  constant  time  with 

small  currents. 

Assume,  for  example,  it  is  necessary  to  find  Tdfor 
the  triode  fl6&  K>  43  In  the  case  when  the  base  input  cur¬ 
rent  Is  equal  to  90  ma.  Prom  the  table  we  find  the  value 
Tptizz  4.0  microseconds,  corresponding  to  a  base  current  of 
100  ma,  which  is  closest  of  all  to  preset  value,  and  the 


magnitude 


4*8  micro seconds.  By  formula  (8) 


we  find  -  24  microseconds 


Knowing  the  .hole  distribution  in  the  base  with  in¬ 
verted  connection  and  the  electron  current  connection 
through  the  junction  with  charge  Q  according  to  (6) ,(9) 
and  (10),  the  time  can  be  calculated  of  the  triode's  exit 
from  saturation  conditions  in  the  switching  circuit  taking 
into  account  the  electron  currents  through  the  Junction. 


Saturation  Conditions  in  the  Switching  Circuit 
Let  ua  assume  that  at  the  input  of  the  switching 
circuit  with  the  general  base  (  Fig. 1 ,a) ,  a  pulse  of  emit¬ 
ter  current  is  served  with  duration  f0  2Tp  and  suffic¬ 
iently  large  amplitude  Ec/sxR,  so  that  the  trlode 

proved  to  be  in  saturation,  The  condition  ta  2t?  cor¬ 
responds  to  the  situation  that  at  the  moment  t0  the  hole 
distribution  in  the  base  can  be  regarded  as  having  been 
established  f‘5  J*  At  the  moment  t0  the  Input  current 
is  by  a  jump  changed  to  the  magnitude  Ie|  (Fig.2,&) . 

The  finding  of  the  resorption  time  T  we  will  conduct 
with  the  following  assumptions?  (1)  The  life  time  of  holes 
Tgin  saturation  conditions  ia  constantly  and  at  any  Inject- 
ion  level  the  same  as  it  is  with  small  signals. 

With  etcall  signals  t-nv  ££5  J.  It  is  consequent¬ 
ly  assumed  that  at  any  injection  level  T  .  t 


(2}»  In  the  ceiirse  pf  the  resorption  process,  the”! 
collector  current  remains  practically  constant  and  equal 
to  I^n  =r  J20/R,  which  is  always  realized  in  the  real  cir¬ 
cuit. 


In  calculation  we  use  equation  (4)  for  the  full 
-charge  of  holes  in  the  base.  In  connection  with  the  fact 
that  in saturation  conditions  the  concentration  of  holes 
is  ©ore  balanced  both  "in  the  emitter  and  in  the  collector, 

the  electron  current  flows  not  only  through  the  emitter 

£ 

but  also  through  the  collector.  Taking  into  account  the 
direction  of  the  hole  and  electron  currents  (Fig. 4}*  (*the 
electron  current  of  the  collector  in  saturation  conditions 
flows  from  the  collector  to  the  base  —  technical  direct¬ 
ion  since  the  electrons  flow  from  the  base  to  the 
collector) ,  equation  (4)  assumes  the  fora: 


Fig. 4.  Direction  of  currents  in 
semiconductor  triode  in  satura¬ 
tion  conditions. 

As  was  demonstrated  above,  the  concentration  of  — 1 


j~" holes  in  the  base  at  emitter  and  collector, f(G)  and 
p  (W) . are  close  in  magnitude.  It  can,  therefore,  be  »£■ 
eiiiEed 


S*  g 

5e  w 


(11) 


The  charge  of  holes  in  saturation  conditions  is  connect¬ 
ed  with  the  concentration  at  the  collector  ^>£w)  by  the 
dependence: 

Qvxqpi  r)*s»r  ■+  qp  (r>- 1  d¥* 

In  fact  the  distribution  of  holes  inside  the 
Se*W  volume  can  be  considered  uniform,  p  (0)  avp(W) , 
and  outside  the  Se  (W)  area  the  holes  are  distributed 
according  to  the  same  law  ( 1 6}  as  in  the  inverted  connect¬ 
ion  as  well  {  we  disregard  the  boundary  effect  at  the 
emitter).  Therefore  with  one  and  the  same  charge  Q  dur¬ 
ing  triad©  operation  in  saturation  conditions  and  in  the 
inverted  connection 

S.V/2  +  U(u%*)dv 

p  (W)  v, 

p^lm “ $*:w TJ f{k y . *) *iT'  '  * ‘ 

Since  the  space  occupied  by  holes  outside  the  S®*¥  area 
is  undoubtedly  larger  than  (S0  —  Se) »Wj  (Fig. 3)  and  the 
volume  recombination  in  the  length  Wj  can  be  disregarded 
(  the  gradient  of  holes  inside  the  ring  (Sc  —  S®)  Wf 
|  is  not  changed),  then  _ i 


1  rr.9 


n 


W  ±  *  * 

U (■*.  >*.  *>  v  >  |  1  —  UU&- L-*L  -a  |  ($x  «*  (Se  —  5*)  x 

**  rj  1  \W  j  I 


xr.fi- 

8  1  *  -I!m  .  g  J  * 


Taking  into  account  that  for  alloy- type  tr lodes  fh  and 

06 

S„  —  S,  2  S, ,  W',  ^  2  @%  Ifsaffi- «  0,15- \jw 


instead  of  (12),  we  derive  Thus, 


P(W 

**1**m*itw»*w»iw 

P«6f>  (W) 


09<  1SKL  <f 
'  ^  a*  <r>  "*• 


i.e,  with  one  and  the  ease  charge 
Q  the  concentrations  p(W)  and  (W)  are  close  in.  roagni 

tude  and  consequently,  in  both-  cases  the  collector  elect¬ 
ron  currents  are  identical.  Therefore 


(135 


With  large  injections,  instead  of  IT  in  formula  { 13) , 
should  be  substituted  determined  by  means  of  Table  5 

and  correlations  (8), 

Finally  the  equation  for  the  full  charge  taking 
( H )  and  (13)  into  account,  assumes  the  form; 

d  Q  Q 


ass  —  — -  -}*  /,  —  /,„  , 

dt  t, 


{ 1^) 


in  which 


(15) 


The  calculation  of. the  resorption  time  is  divided' 

into  two  stages j  , 

•  Determination  of  the  charge  of  holes  in  the  base 

at  the  moment  of  switching. 

Inasmuch  as  it  is  assumed  that  2T p  ,  then 

according  to  £  3 _7,  -the  distribution  of  hole’s  in  the  base 

at  moment  can  be  considered  steady.  The  charge  Q  is 

determined  from  equation  (14),  whereupon  le  »  Iej ,  and 
d  Q  r> 

««  *ffj  r<t  j»  ^  Wf  i  f 

d  t 

i'3  K==>  '*  f  “  ftr»)  • 


In  reality,  the  number  of  holes  in  the  base  with 
t^t0+  T  must  correspond  to  the  stationary  distribution 
in  amplifying  conditions  with  collector  current  ICf* ,  since 
the  concentration  necessary  for  balancing  (i.e.  the 


diffusion  time  Tg)  is  usually  much  less  than  the  resor-* 
ptlon  time. 

.We  note  that  consideration  of  electrical  field 
E  and  the  real  geometry  of  the  base  must  Introduce  a 
correction  In  expression  ( 56) ♦  But  the  charge  remaining 
in  the  base  to  the  moment  of  the  trlod e 1 s  exit  from 
saturation  is  small  in  comparison  to  the  full  charge 
during  saturation,  and  the  correction  can  apparently  be 
considered  insignificant. 

Solution  of  equation  {14}  for  the  resorption 
stage  has  the  form; 

Q  <0  « (A,  ~  4*> «,  e~  v^)/r>  +  (/„  ...  / 


Ac  cord ing  to  (16) 
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Hence 
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j~~ Similarly  for  circuit  with'  general  emitter  (Fig,  1  *h)  \ 

r * Hs,  .  •  (is) 

'  . where  to  is  the  amplification  factor  of  current  in  the 
circuit  with  general  emitter. 

.The  expressions  ( 17)  and  ( 1 S)  differ  -from  the  cor¬ 
responding  formulas,  derived  in  the  works  £  2 , 3  j  by  the 
coefficient  before  the  logarithm,  which  reflects  the  de¬ 
pendence  of  resorption  time  on  the  electron  currents  thr¬ 
ough  the  junction.  As  should  also  toe  expected,  consider¬ 
ation  of  .electrical  field  E  did  not  cause  a  change  of  the 
formula  for  resorption  time. 

Experiment  -  '  - 

The  main  purpose  of  the  experiment  was  to  verify 
the  assumption  of  the  permanence  of  the  life  time  of  holes 
in  saturation  conditions  with  large  signals. 

■  Presented  in  Fig. 5  are  the  results  of  measurements 
for  one  of  the  H 1 %  trlodes  in  the  switching  circuit  with 
general  base.  The  moment  of  resorption  termination  is 
determined  just  as  in  work  £  2 ./,  i.e.  at  the  point  of 
greatest  steepness  of  trailing  edge.  The  magnitude  tj  was 
determined  by  means  of  formula  (1?).  With  use  of  the  data, 
in  Table  1,  the  value  T@1  was  found  from  (8),  The 
I  ratio  of  areas  Se’/Se  is  equal  to  the  ratio  of  the  stati c — ^ 


•Junction  capacitances  C©/Cc  measured  with  on©  and  the' 

|saine  blazon  the  junction.  'Than,  rp  was  detemnih. 

led  according  to  05)*. 

1  V| 

]  «"*J  .  " 

l  ..  k 


V’*  5 
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’ig. 5.  Lit 8  tiae  of  holes  Fig.  6*  Shape  of  voltage 

i.n  saturation  conditions  with.  at  collector  in  the  cir- 
M’gh  .level  of:  injection  cult  of  Figure  l,b.  for 

*$2  =  <X'=  0.9T?  Sa/SG  =.-  0«3£>.  the  case  |  >  1^-4, 


I  feith  large  collector  currents  Vphlo&e  to  Th. { 

|  «  a  it xv  • 

i  (dht-veo  i.ine  In  Fig.h)  jwith  increase  of  emitter  current 
Xe1  *t  constant  collector  current  Ica  (  l.e.  with  growth 
of  injection  level)  t^le  changed  very  little.  The  as¬ 
sumption  of  the  "independence  of  the  life  time  of  holes 
i i"ois  tne  level  of  injection  1b  thus  found  correct  by 
experiment. 

The  Tp measured  at  large  collector  currents  in 

{saturation  conditions  is  found  to  be  less  th«n  T 
|  *  \lnv 

| (Fig.b) .  This  question  stand  &  in  need  of  further  invest!- 
j gallon.  Measurements  in  the  circuit  with  the  general 
j emitter  yield  concurrence  of  experimental  data  with 
tneory  that  is  approximately  the  seme  as  in  the  circuit 


p-with  the  general  base;  however,  If  ]l$2\  21  Qn  ' 

the  form  of  voltage  on  the  collector  is  changed ;  a  tran¬ 
sient  over-shoot  (Fig, 6)  rises  at  the  end  of  the  resorp¬ 


tion  stage  in  the. collector.  The  voltage  splash  is  the 
more  noticeable,  the  better  the  inequation  |xgg|^>  21 0R 
is  fulfilled. 


The  explanation  of  this  phenomenon  is  as  follows. 

In  case  emitter  current  leg  is  negative  and 

surpasses  in  modulus  the  collector  current'  1CR.  During 
the  process  of  resorption,  the  holes  depart  from  the 
base  both  through  the  collector  and  through  the  emitter; 
however,  inasmuch  as  |legj  Icrs5  the  emitter  Is  closed 
faster  than  the  collector  end  the  base  potential  relative 
to  the  emitter  is  raised.  The  collector  potential  remains 
some  time  close  to  the  base  potential  (  inasmuch  as  the 
concentration  of  holes  in  the  base  at  the  collector  is 
still  more  balanced)  with  the  result  that  on  the  collector 


as  well  as  on  the  base,  the  voltage  relative  to  the  emitter 
begins  to  rise.  As  soon  as  the  collector  is  closed,  its 
potential  begins  to  drop. 

In  the  presence  of  the  Uc  voltage  splash  the  resor¬ 
ption  time  should  bo  measured  from  t-.te  to  the  peak  of 


the  transient  overshoot. 

In  conclusion  I  express  gratitude  to  K.S.Rzhevkin 


val- 


pa 


na  K.Ya, Senatorovu  for-  attention  to  the  work  and 


uahle  comments  made  in  the  discussion  of  this  article. 
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Glossary  of  Russian  letters  in  formulas; 

5-  emitter 
K-  collector 

Kb1-  constant  collector  current 
electron 
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Differentiating,  and  Integrating  Devices  — 

with  Positive  Feedback 
#  4 

by  A.I* Pe tr enk o 

Differentiating  and  Integrating  devices  that 
use  positive  feedback  are  generalized;  a  general 
method  is  proposed  for  their  analysis  and  cal¬ 
culation  in  the  example  of  a  concrete  circuit. 

The  possibility  is  shown  of  eliminating  the 
influence  that  the  end  value  of  the  internal 
resistance  of  the  input  signal's  source  has 
on  the  accuracy  of  performing  a  mathematical 
action. 

Differentiating  and  integrating  elements  made 
In  the  form  of  combinations  of  passive  RG-clrcnit  and 
electronic  amplifier,  enveloped  by  deep  negative  feedback 
(Fig, 1 ) ,  are  being  widely  used  In  the  electronic  units 
of  computing  and  simulating  systems/”  1 ,2,3,47. 

The  structural  error  of  such  elements  (  with  ampli¬ 
fication  factor  of  the  amplifier  equal  to  K)  is  known  to 
Lbe  approximately  K  times  less  than  the  structural  error „_J 


|-~  of  the  ordinary  passive  RC  circuit.  Under  structural  j 
'  error  is  usually  implied  the  error  caused  by  the, circum¬ 
stance  that  in  reality  as  well  as  In  the  case  of  dif- 
■  ferentlation  and  integrations  the  current  through  capacl-" 
tance  C  depends  not • on  the  input  signal  U?  but  on  the 
difference  of  voltages  U-j  —  Ug  ,  where  lip  is  the  output- 
voltage,  equal, in  case,  of  differentiation,  to  the  voltage 
drop  at  resistance  R,  in  case  of  integration,  to  the  vol¬ 
tage  at  the  plates  of  integrating  capacitor  C.  * 

Under  the  condition  of  grid  current  absence  in  the 
first  amplifier  cascade-  for  the  device  diagrammed  in 
Fig. 1 ,  the  following  correlations  are  respectively  cor¬ 
rect  if  5j  s 
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Fig. 1 «.  Basic  circuit  diagram  of  con¬ 
nection  of  a.  passive  RC  circuit  and 
an  electronic  amplifiers 
a  ~  electronic  differentiator 
b  ~  electronic  integrator  I 


greater 


the  amplification  factor  j 


In  this  way,  the 
K,  the  more  accurately  is  the  operation  of  differentiat¬ 
ion  or  integration  perforated.  The  increase  of  i£,  how¬ 
ever,  requires  the  construction  of  .  complex  multicasoade 
circuits  of  direct  current  amplifiers  with  a  large  ampli¬ 
fication  factor  in  voltage, circuits  having  high  stability 
Representing  the  electronic  amplifier  in  the  fora  of  a 
triple  pole  system,  Fig.?  can  be  pictured  in  the  form  of 
Fig* 2,  where  K*  is  the  equivalent  amplifier.  Its  input 
connectors  are  terminals  ?  -  '3»  output  2  -  j>,  but  not  3  - 
2,  as  in  amplifier  I  (  Fig.?). 


Pig. 2.  Changing  over  from  amplifier  K, 
bringing  about  .negative  feedback,  to 
amplifier  E*  bringing  about  positive 
feedback. 

Considering  the  phase  turn  of  amplifier  K,  it  can 
be  stated  that  the  voltage  at  the  input  and  output  of 
amplifier  K*  will  be  in  phase.  Amplifier  Kf,  therefore, 
brings  about  positive  feedback  in  the  input  circuit,  and 
the  voltage  on  its  output  terminals  2  -  3  is  formed  with 
the  input  voltage  Ui  subject  to  differentiation  or- 


•integration. 

Equations  (t)whleh  describe  the  work  of  the  funct¬ 
ional  device  as  a  are  transi ormeQ  ior  wife  $ •*•£>< 2 

circuits  as  follows: 

Vt{p)  =  K*C 

V,  ip)  r 


i 

Fe 


C p  if  i  (p)  -f~  0  R  C p  $J$(p)  | 

U.  t«,>  .  I ,  _a  1  p.®.  I  •  »u> 


where  K * 


K/K  4  1 

as  is  evident  from  the  expression  ( to.) ,  the  strue- 
tural  error  of  the  device  will  be  absent  when  I. ‘  ~  1  » 
which  corresponds  to  K  x  cd  . 

In  this  way,  the  accurate  (without  structural  errors) 
operation,  of  differentiation  or  integration  car  be  perfor¬ 
med  also  with  the  use  of  an  amplifier  having  an  amplifi¬ 
cation  factor  equal  to  unity,  but  realizing  positive  feed¬ 
back  in  the  input  circuit,  instead  of  an  amplifier  tending 
toward  infinity.  From  the  physical  viewpoint,  the  proces¬ 
ses  taking  place  in  the  Fig, 2  circuit  are  explained  as 
follows?  the  .output  voltage  Up  of  amplifier  K* ,  being 
formed  with  Input  voltage  Uf ,  compensates  in  the  input 
circuit  the  voltage  drop  at  resistance  R  In  case  of  differ¬ 
entiation  or  the  voltage  on  capacitor  €  in  case  of  inte¬ 
gration;  since  with  K*  =  1  or  minus  C  in  the  input 
circuit,  the  voltages  on  amplifier  terminals  1  -  3  and 
2-3  have  identical  phase  and  amplitude,  I 


The  possibility  of  using  for  compensation  atrip li-  j 
f  iers  with  amplification  factor  close  to  unity  makes 
expedient  the  use  of  a  cathode  follower  6 J. 

In  Fig* 3  is  shown  in  principle  the  circuit  of 
such  a  device,  operating  as  differentiator  or  integrator 
depending  on  the  concrete  sense  "of  impedances  Zj (p)  and 
Z (p) . 

The  output  voltages  taken  from  element  Zp  for  the 
integrator  end  differentiator,  developed  in  cathode  fol¬ 
lowers,  are  respectively  equal  to; 

u  _ ! ’AM.  _  _l= J<  ■  U-*M 

-J^RC(  wt)  '  Kcft+tf-h.  ' 

\  >  R  j  \  i * « / 

v,  (0,4  ~  R  o  -p  £/,  ip)  c  ( i  -  +  ft  )  p  u*  ip) 

a-  Int  egretlon 
b  -differentiation 

■CDA"  ftW*^**- 

in  which  K ss.  “  Is  the  cathode  fol¬ 

lower's  transmission  factor. 

h 

Pig. 3,  Circuit  of  a  differentiating 
and  integrating  device  in  &  cathode 
follower. 


•  As  follows  from  expressions  (2)*  the  device  of  "“j 

Fig, 3  has  the  better  operational  characteristic,  the  clo¬ 
ser  the  cathode  follower’s  amplification  factor  K  is  to 
unity,  the  less  R1/R  and  the  more  fi  are, 

Thus,  the  use  of  on®  tube  does  not  make  it  possible 
to  perform  an  accurate  mathematical'  operation  and  the  pre¬ 
sence  of  at  least  two  tubes  Is  essential;  at  the  same  time 
feedback  of  the  required  polarity  can  be  realized  by  the 
following  possible  methods?  (a)  from  anode  Jig  to  grid  Jtj{ 
(b)  between  cathodes  /g  &n&  A  5  (c)  from  cathode  A  to 
anode  „  It'  is  interesting  to  note  that  all  these  var¬ 
iants,  isolated  one  from  another »  without  ciistxTtgu  Ashing 
the  general  principle  of  their  operation,  were  used  by 
various  authors  In  separate  circuit  developments  of 
active  differentiators  and  integrators. 

So,  the  first  type  of  possible  positive  feedback 
was  applied  by  H.Wltt.ke  £  7 , 6  J  when  construe  ting  toe 
differentiator  and  integrator  having  in.  principle  the 
circuit  shown  in  Fig, 4, 


The  second  type  of  positive  feedback  in  a  two-cas¬ 
cade  circuit  was  used  by  Tolies  and  Somitt  /,  9  J  when 


crea 


ting  the  differentiator  shown  in  Fig, 5. 

And  finally,  the  feedback  from  cathode  to 
was  applied  In  the  integrator  circuit  described 


anode 

by 


'“imiiaass  (Fig,  6}  £  to/,  *  “1 


Fig, 4.  Circuit  of  operational 
device  proposed  by  H,  Wlttke 


it 


Fig, 5.  Circuit  of  Tolies  and 
Sendtt  differentiator  with 
positive  cathode  feedback 


Pig, 6,  Skeletal  circuit  of 
Williams  integrator 


For  substantiation  of  the  general  method  of  analy¬ 
sis  and  calculation  of  these  circuits,  we,  find ' ) the  '.value 
|  of  the  positive  feedback  transmission  factor  p  , essential _ | 


r-for  performance  of  accurate  operational 
*  ing  on  the  amplification  factor  of  the 


without  feedback  K  and  elements  of  the 

/ 

basis  of  the  general  case  (Fig;7) , 


action,  depend-— j 
whole  amplifier 
circuit  on  the 


Fig. 7.  .General  case  of  opera¬ 
tional  circuit  with  positive 
feedback* 

According  to  the  theory  of  amplifiers  with  feedback 
the  amplification  factor  of  the  entire  device  is  equal  to 


-tK! 


U»(P) 

y,  ip) 


£»(*>>+*.  </>)  +  *« 
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(3) 


l,  (p) 


£. 


For  realization  of  an  operational  action  circuit, 
it.  is  essential  that  Koc(p)  be  determined  by  the  quotient 
of  two  impedances  Zg(p)  and  Z} (p)  which  is  possible  with 

ffy’?  *  I  . 


at  the  same  time  expression  (3)  is  simplified  to 


It,  Is  not  hard  to  see  that  In  the  case  Zo 


1 

Pc 


and  Zt  =  R,  the  condition  (4)  is  the  condition  of  accurate 
integration,  whereupon  the  constant  time  of  integration 
is  determined  with  consideration  of  R^,  i.e. 


c  o 


where 


&m,  (p)  “  K , 

p  %, 

%  =  #(*  +  ftK)  • 

For  differentiation  (z^  ~ 


(5a) 


n 


r)  the 


con 


dition  of  accurate  mathematical  operation  is  somewhat 
different  from  expression  (4)  and  assumes  the  form 


2,  +  /?, 


Ky  '  P 


it 

ft  +  R> 


1. 


(6) 


In.  this  case 
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©c 


where 


K  ,hM. 

*  RC, 


K*P*> 


(?) 


Formulas  (5)  and  (7)  simultaneously  determine  also 
the  stability  of  these  functional  devices,  showing  that 
notwithstanding  In  essence  the  critical  value  of  the  pos¬ 
itive  feedback  (4),  the  entire  device  as  a  whole  behaves 
quite  stable  in  a  broad  frequency  range  [_  7»  11^7. 

We  indicate  still  another  advantage  of  operational 
circuits  with  positive  coupling,  and  namely :  the  possibi¬ 
lity  of  compensation  of  structural  error  determined  by  — 


j“the  terminal  value  of  the  internal  resistance  R0  of 
the  signal  source,  which  In  the  ease  of  using  negative 
operational  coupling  does  not  depend  at  all  on  the 
amplification  factor  of  the  amplifier  used* 

With  terminal  value;  R0  in  case  of  integration 
additional  error  does  not  arise, as  the  connection  of  Ro 
in  the  composition  of  series  resistance  R  is  possible. 
In  this  case  the  condition  (4)  Is  preserved,  and  the  ex 
press ion  (5a)  is  set  forth  In  the  form : 


But  in  .the  case  of  differentiation,  on  the  contrary, 
to  preserve  the  form  of  expression  (7),  it  is  necessary 
to  modify  the  condition  of  accurate  mathematical  opera¬ 
tion  as  follows: 

- -  — •  f  . 

$  -f  -f  R9  (6a) 


Consequently,  in  the  latter  case,  the  cascade 
with  cathode  load  for  feeding  the  signal  at  the  input 
circuit  can  be  excluded. 

On  the  basis  of  the  foregoing,  the  following 
procedure  of  analysis  and  calculation  of  operational 
circuits  with  positive  coupling  can  be  recommended; 

(a)  the  amplification  factor  of  the  amplifier 

L  _J 


pused  is  determined  without  taking  feedback  into  account  n 
(b)  the  transmission  factor  f  of  the  positive 
feedback  is  determined; 

*  .(c)  Correlations  for  selection  of  feedback  elements 


ere  found  by  means  of  expressions  (4)  or  {$)* 

Using  this  method ,  all  the  calculated  correlations 
are  readily  derived  for  circuits  of  Flge* .4,5,6,  cited  In 
the  original  works, 

..As  an  example  we  examine  the  application  of  the 
proposed  method  to  analysis  of  the  differentiators  shc>Wn 
in  Fig, 8, 


Fig, 8,  Circuit  of  an  active  dif¬ 
ferentiator  with  positive  feedback 
through  general  cathode  resistance. 

In  this  circuit,  the  compensation  of  voltage  that 
bears  the  error,  occurs  in  the  input  circuit,  in  which 
enter  the  elements  C,R  and  the  general  cathode  resist¬ 
ance  Rc„ 

As'  is  evident  from  the  circuit,  the  voltage  eepara 
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ting  out  in  R,  Is  amplified  by  tube  Aj  and  s imul ianeou sty"! 
changes  the  phase  on  Its  anode. 

The  second  cascade  in  A?  operates  in  the  cathode 
follower  conditions,  the  current  of  this  tube, controlled  - 
by  means  of  B,  f  s  separates'  out  in  resistance  Rc  the  volt¬ 
age.  in  antiphase  with  the  input.,  l,e.  voltage  U^« 

For  simplification  of  deductions  assuming  Ftp 
and.  Re<<(R,  which  is  correct  for  the  majority  of  prac¬ 
tical  cases,  we  find  for  our  circuit 


i-  ?*MMs 


i|#  -f-  kv  +  “b  ft  ~b 


in  which 
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#/*  4-  0  4-ti 


is  the  cascade 


transmission  factor  in  Jl 


transmit tion... factor  of  potentiometer  Rp 


is  the 


According  to  (6) 


From  which 


H\  ( n  Si)  -  i 

RJ 

1  4.  $* 


AT,  P, 


But  this  expression  can  be  derived  by  examining  the 
processes  that  take  plg.ce  in  the  input  circuit,  i,e ,  with 
the  assumptions  mad®,  determining  the  condition  of 
equality  UR  =  Uc  (ij  *  ia|  —  i^)  through  the  current  ( 


-“present  in  the  circuit.  n 

Expression  (8)  is  approximate  but  the  accurate  set¬ 
ting  of  potentiometer  Pbi  i©  done  in  tuning  the  circuit 
-  when,  with  a  given  input  signal,  the  absence  of  a  variabie 
voltage  between  points  A  and  the  ground  is  achieved,  since 
in  the  case  of  full  comp onset ion  the  dynamic  real stance 
between  them  ie  equal  to  sera. 

In  this  way , operational  circuits  with  positive  feed¬ 
back  make  it  possible  in  principle  without  any  kind  of 
•  technical  difficulties,  to  perform  the  required  mathe¬ 
matical  operation  with  ideal  accuracy. 

Reports  on  the  errors  of  certain  of  these  circuits 
have  already  been  made  ^7,9(11^  and  the  findings  (while 
additional  careful  research  in  the  whole  question  of  err¬ 
ors  ie  still  required)  allow  us  to  hope  that,  especially 
in  the  design  of  small  models,  in  which  simplicity  and 
compactness  play  an  Important  role,  the  compensation  de¬ 
vice  with  positive  feedback  will  be  able  to  compete  suc¬ 
cessfully  with  the  devices  now  widely  used,  that  are 
designed  according  to  circuit  diagram  Fig.  1. 
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Calculation  of  _ 

■  Mcterating^ftejs 

#5 

by  V.A.Slyuearekiy  - 

The' propagation  is  analysed  of  an  axial ly- 
symmetrical  wave  in  a  spiral  placed  xti  an  bi  vi— 
ficially  anise  tropii'-  dielectric  and ;  in  an  iri fled 
waveguide  with  conducting,  diaphragms. 

Moderating  systems  in  which  the  reduction  cf  the 
wave  phase  velocity. Is  achieved  on  account  of  several  ele¬ 
ments,  find  use  in  many  fields  of  engineering.  To  such 
systems  belong  the  spiral  in  a  dielectric  /  1  -  ^  J  %  the 
spiral  in  an  irleed  waveguide  £ 4, -§7,  the  coaxial  wave¬ 
guide  with  ribs  on  the  external  and  internal  conductors 
/$/  and  others.  Of  no  less  interest,  however,  Are  modera¬ 
ting  systems  that  consist  of  a  spiral  placed  in  a  waveguide 
partially  filled  with  en iso tropic  dielectric.  As  is  known 
the  anisotropic  medium  filling:  the  waveguide  can  be  creat¬ 
ed  artificially.  Such  a  medium'  is,  for  example,  plasma. 

In  addition,  such  a  medium  can  be  made  in  the  form  of 
discs  of  a  uniform  isotropic  dielectric  arranged  period-j 
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••sally  in  the  waveguide.  The  analysis  of  such  a  device  | 
Is  given  in  work  /?/*  Employing  the  methods  proposed  in 
this  work,  let  ns  examine  the  spiral  found  in  the  wave¬ 
guide  with  diaphragms  (  Fig.  1 )  and:  determine  the  system  “ 
properties  for  the  ease  of  dielectric  conducting  diaphragm 


r-irrrrrrr  *  xK. 
4 


•  Fig. t . 

Let  us  assume  that  the  material  of  the  diaphragm 
has  dielectrical  penetrance  &  .and  magnetic  penetrance  m  , 
Assuming  the  system  conductors  ideal,  substituting  the 
spiral  by  a  cylinder  with  helical  conductance  and  taking 
into  account  only  the  axially- symmetrical  waves,  we  can 
write  the  expressions  for  the  fields.  The  fields  inside 


the  spiral  (0  *<£  ft) : 
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In  accordance  with  /“?  we  determine  the  fields 
in  the  zone  of  diaphragms  ( 0.^.  f  ^R)  as  follows: 
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In  the  di&plirag' 
The  solution  of 
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equations  (5)  can  be  written  as 

bkd-h  «,{*}  ;  2*  (*)  -  «»**~ ~V(i)  * 

(t) 


tv™  ®mps  % 


|  Q  ■<  0  ••<  t; 


m$fi  %  I 


co:#  pti  tmp%  (#  w~  £)  steFs  ^  ~~  ft  1 

Fa  I 


■  tte  #J  $g&$  #*(£  — ■  1}  ~  -#te  F»  t*  *i  I 


1  7f. 


v*  **  ee»  pi*  s 


0  z  <  l 


v*  =  -1'  slap,** 

P-,  ) 

.,•  -  «*,,•<  cos?/  P  -  0-  •*>*•  '*'«  *•*<*-'> 

Ft 

•  **=JL  %inp*l  v*pS  (z  -  /)-  p,  €0S?>*1  sin?>*  (s  "  *> 

$?3*  *  * 


The  functions  far*  f*  4an  be  found  by  way  of  utilising 
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the  periodic  properties  of  solutions  2(a)  and  2  {*;. 
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The  values  ft  and  ^correspond  to  direct  waves 
p  end  f0#  to  revertive  waves.  The  phase  angles  (j'&nd  (jf 
{  the  change  of  wave  phases  within  the  limits  ox  period 


L)  are  determined  by  the  expressions: 
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With  r~  a-  using  the  boundary  conditions  in  the 

helically  conducting  cylinders 
,  .  En  st  ills  ©  4*  $**■  0; 

£fl~£fv  •  fl^ic»0  +  #«  t«8*®+WJn*l«©. 
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|  averaged  beforehand  according  to  period  L»  vie  derive 
the  dispersion  correlation  for  the  spiral  in  the  waveguide 
with  diaphragms  of  magnetodielectrie t  _ 


?iM  »<*#  **  tiM  *,  jrJiMdlf l£| ,  <5) 

tAM'fa#  ***W  tlTs^r- »Af  » «‘~**** 


in  wM  eh 

A,  »  4  W6  (itt) i  t  Cl®  W, 


A»  (fs 


A»  a®  /»C‘ 


a  „  jjf  (i,  a\  A‘  ft  I?  1  — 'i 

— -  ♦  g  Vfjp*/  *  *  &  *«  1^-  -  f 


s) ;  £" •  ®=  f 


i  ^  j  f+f^ 

O'  ^  * 


Let  us  examine  the  system  pictured  its  u«der 

the  condition  that  fr'<^v  1 ^  *  f  ^  ^ 

If  these  inequations  are  fulfilled,  then  expressions  (4) 
afford  the  possibility  of  representing  the  zone  in  which 
the  diaphragms  <«u£  T  <  R>  are,  as  being  filled  with  a 
continuous  anisotropic  oagnetod iele c tr i o .  The  components 
of  its  di electrical  and  magnetic  penetrances  are  couplec. 
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■The  radial  propagation  constants  %  and  }’-*  are  now  det«*  j 
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er mined  In  the  form  of  correlations: 


r*  -  M*o 


02- 

u .  y*’ 


In  case  of  continuous  anisotropic  magnetod ieleetrio,  the 
dispersion  dependence  (“.}  changes  to  the  following: 


Analysis  of  equation  (7). 
cents  of  Beg sel  function 
in  such  a  moderating  »yn 
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It  isufet  he  observed  that  the  assumption  R  •**►  ne 
does  not  disturb  the  community  of  considerations,  since  . 
with  high  frequencies  the  electromagnet io  field  is  concen¬ 
trated  close  to  the  spiral.  From  the  formula  Co)  it  fol¬ 
lows  that  in  the  system  being  explored  retardation  depends 
on  the  spiral  parameters  as  well  as  on  the  properties  of 
the  ani so tropic  m&gnetodielectric.  Comparing  (8)  with  the 
corresponding  results  of  work  £  c- J  (The  latter  can  be  de¬ 
rived  from  (8)  in  case  $ f  =1  ifcjsgf).,  it  can  be  con¬ 
cluded  that  with  large  retardations  (c'/v) »  the  wave  phase 
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—.velocity  is  varied  proportionally  to  (GzBr)m  *J*  in  the  — j 
i  anisotropic  case,  whereas  in  the  isotropic  case  it  is 

x 

proportional  to  £  2  .  At  high  frequencies,  consequent- 

-  ly»  retardation  in  the  system  being  explored  can  reach  — 
greater  values  than  the  value  of  retardation  in  a  spiral 
surrounded  by  an  isotropic  dielectric. 


In  the  case  of  email  arguments  of  Bessel  functions 


we  derive  another  expression  for  determination  of  the  phase 
velocity: 


R* 
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The  dependence  (9)  characterises  the  dispersion 
properties  of  the  system  at  low  frequencies.  Analysis  of 
it  shows  that  increase  in  the  thickness  of  dielectric 
layers  influences  the  retardation  (reduces  the  phase 
velocity).  Comparing  (8)  and  (9),  it  can  be  concluded  that 
with  low  frequencies  just  as  in  the  case  of  high  frequenc¬ 
ies,  dispersion  occurs,  the  course  of  disperion  in  these 
extreme  cases  being  normal. 

The  dispersion  curves  plotted  in  Fig. 2  givers  more 
complete  picture  of  the  spiral  in  a  waveguide  with  dielec t- 
rical  discs  ( ^  s  1),  Ehese  graphs  were  obtained  through 
solving  equation  (7)  in  case  of  the  following  parameter 
values:  <x/l\  =  0.5;  ^  /Is:  10,  Curves  1,2,3  correspond  to 
L/i  =  100,  =  300,  83  =  500.  Rutile  (  £, ^  100)  and 


j“barium  tltanat©  must  be  named,  among  the  materials  having  ! 
such  dielectrics!  penetrances.  In  Fig, 3  the  retardation 
is  represented  as  a  function  of  the  degree  of  anisotropy. 
'fcfc/S  r»  In  calculation  the  following  system  dimensions 
were  taken:  R  =  1.0  cm,  a=  0,5  cm,  tg©  s  0.064,  Graphs 
1,2,3  correspond  to  A<j  -  10  cm,  =  40  am,  -  90  ok. 


We  write  the  expressions  for  the  full  stream  of 
power  flowing  through  inside  spiral  (P-j }  and  inside  the 
anisotropic  dielectric  (?g) 

Pi  -f  p#  •  -  M-  *«£»,  /*,  (t,a)  C/7,  +  .  ( |Q) 

Here  Hj  and  Tig  correspond  to  the  streams  inside 
and  outside  the  spiral  and  have  the-  following  form; 


The  curves  of  the  resistance  of  cowling  K.  =  . 

2pp 

shown  in  Pig. 4  are  plotted  on  the  basis  of  the  correlations 
(10)  and  (11).  In  calculation  the  following  parameter  val~ 
t?es  were  presets &=  0,2  cm,  R  =  1.0  cm.  The  curves  1,2,3 
correspond  to  the  values  of  the  degree  of  anisotropy  equal 
to  0,005,  0.01,  0.05.  These  values  can  be  derived  if  the 
dielectrics  spoken  of  above  be  employed  as  the  diaphragm 
material . 

m 

sa 

40 

20  40  60  Off 

Fig,  4 

The  losses  in  the  spiral  placed  in  a  waveguide 
with  anisotropic  magnetodielectric  can  be  represented  as 
the  sum  of  the  loss  in  the  walls  of  the  waveguide,  the 
loss  in  the  helical  conductor  and  the  loss  arising 
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ron  account  of  the  presence  of  a  magnetodi  elec  trie.  The  j 
problems  associated  with  losses  In  a  coaxial  spiral  have 
been  investigated  to  a  considerable  extent  £  8  J »  It  Is 
».  therefore  sufficient  to  examine  the  additional  losses 
which  are  formed  in  an  anisotropic,  medium  between  the 
spiral  and  waveguide.  Bearing  in  mind  the  complexity  of  ana¬ 
lysis  in  the  general  case,  we  limit  ourselves  to  the  loss 
for  the  extremely  important  ease  of  high  frequencies* 

The  dispersion,  properties  of  the  spiral  with  aniso¬ 
tropic  magnetodielectric  in  approximation  of  high  frequen¬ 
cies  and  R  -*•  co  are  described  by  equation  (8).  If  the 
magnetod lelectric  has  losses  then  the  values  £2  *  £-r  » 
j'iz  , in  (8 )  are  complex.* 

£  «*  r  ~f*  }f\  %  ®  «•'*  4-7*1’  *r  * *%  +  /*  v. 

i-  fi,  «=  }*',  *f  f\i\\  as  |i',  4”/j»V 


Let  us  assume  that  the  leases  are  small,  i.e. 

and  in  addition,  p>". 

In  this  case  the  ratio  of  the  imaginary  part  of  the  pro¬ 
pagation  constant  £>”  to  its  real  part  fS*  can  be  written 


as 
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in  which 


characterises  the  dielectrical  and 


•/«:  tg8M  ,‘the  magnetic  losses  in  the  direct  ion  of  pro 


pagation;  -  « 


c  tot 


characterize  the 


corresponding  losses  in  the  crosswise  direction.  From 
expression  (12),  it  follows  that  with 


* +  toV~  tgKi  +  a»d  -  ®>V>  1 1  i 


the  dielectrical  losses  always  predominate  over  the  mag** 
netic. 

Let  us  examine  a  moderating  system  in  which  the  <31&- 

) 

pragma  are  made  of  dielectrics  »»«  =  {*#  r  s=0.; 

For  this  case  by  means  of  expression  (6)  we  derive  from 


(12) 


1  •» 
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(13) 
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We  compare  (13)  with  the  analogous  correlation  for 

the  spiral  in  the  isotropic  dielectric  (  the  latter  can  be 

derived  from  (12)  with  f4**  **’  ; . P,<V ~ ^  *V“  •'*  —  *%)•  W i th 

aooroprlate  selection  of  1  and  Q  the  losses  in  the 
. .  apparently 

spiral  with  the  dielectrical  diaphragms  can/be  made  less 
than  in  a  spiral  surrounded  by  a  uniform  isotropic  dielec¬ 
tric. 
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The  expressions  (1?)  and  (13)  permit  calculating  I 
attenuation  in  the  respective  cases  if  the  values  of  the 
dielectric  and  magnetic  penetrances  are  preset,  and  also 
the  tangents  of  the  angle  of  losses  of  material,. 

A  single  viewpoint  exists  /* 9  J  concerning  modera¬ 
ting  systems  made  up  of  an  anisotropic  dielectric  and 
moderating  systems  in  the  form  of  ribbed  structure*  By  means 
of  employing  the  conception  of  the  phenomenon  of  complete 
internal  reflection  In  such  systems,  it  has  been  demonstra¬ 
ted  that  metallic  ribbed  structures  are  equivalent  to  a 
certain  anisotropic  dielectric.  Its  dielectric  penetrance 
along  the  propagation  direction  has  a  finite  value,  but  the 
penetrance  in  directions  perpendicular  to  propagation  are 
found  infinitely  large.  Applying  these  findings  to  the  sys¬ 
tem  being  explored  {  the  spiral  in  a  waveguide  with  dielec¬ 
tric  diaphragms),  the  conclusion  can  be  drawn  that  having, 
in  the  correlations  developed  for  this  device,  assumed  that 
£  ~  oo ,  we  derive  the  analogous  expressions  which  describe 
a  spiral  placed  In  a  waveguide  with  conducting  diaphragms. 
After  making  this  transition  in  equations  (3)  and  (5),  we 
arrive  at  the  dispersion  dependence  for  the  spiral  In  a 
waveguide  with  conducting  diaphragms: 
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(  II  igs'f  *.  t»  Vi tr^HPA h <?»<»)  ~  hhisJliMl  (14) 
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We  note  that  these  correlations  can  he  derived  directly 
through  solution  of  tlie  pertinent  electrodynamic  problem 

fnj* 

Shown  in  Fig, 5  are  the  dispersion  curves  derived 
from  equation  (14)  in  case  tq9  s  0.1,  R  =  3. *2  cm, Is.  0,65 
am.  The  graphs  1,2.3  correspond  toft,  =.-  0.8  em.flk=  0.6  cm. 
^'3=0 .4  era.  From  the  graphs  it  is  evident  that  with  the 
parameter  values  selected  such  a  system  possesses  consid¬ 
erable  dispersion  which  can  he  mad©  both  normal  and  ab¬ 
normal,, 


One  of  the  properties,  of  this  moderating  system  is 
the  extremely  advantageous  energy  distribution.  Almost  all 
the  energy  may  be  concentrated  inside  the  spiral.  The  use 
of  such  systems  will,  consequently,  produce  an  improvement 
of  the  conditions  of  the  interaction  of  electromagnetic 
waves  with  beams  of  charged  particles.  The  graphs  of  coup¬ 
ling  resistance  (  for  the  system  dimensions  indicated  above) 
are  presented  in  Fig. 6. 


7 
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Fig.  6 

■  The  losses  In  the  system  are  formed  of  losses  in 
the  spiral  and  losses  In  the  irised  waveguide  l/. 

It  must  be  added  that  certain  qualitative  characteristics 
of  a  spiral  in  an  irised  waveguide  with  metal  diaphragms 
can  be  obtained  by  applying  the  method  of  equivalent 
circuits  £~ 5 _/•  In  particular,  the  circuit  of  Fig. 7  can 
be  used.  The  spiral  is  here  represented  in  the  form  of  a 
i _ two- wire  line.  The  cell  of  the  Irised  waveguide  corre-  _1 
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-spends  to  the  parallel  L,C  circuit  (  consideration  of  "~\ 

» 

the  resonance  properties  of  holes  in  the  diaphragms  com¬ 
plicates  the  circuit).  This  method  has  a  number  of  short¬ 
comings,  among  which  it  is  essential  to  point  out  that  — 
the  .coaxial  spiral  approximates  the  two -wire  line  satis¬ 
factorily  only  in  case  of  low  frequencies. 

In  conclusion  we  note  that  the  systems  explored 
above  are  of  interest  for  use  in  traveling  wave  tubes. 

The  distinguishing  property  t>f  tubes  with  such  moderating 
systems  can  be  a  heightened  amplification  factor  per  unit 
of  length  with  somewhat  narrowed  frequency  band.  The 
results  of  the  investigation  of  a  spiral  in  a  waveguide 
partially  filled  with  anisotropic  dielectric  can,  to  a 
certain  extent,  be  generalized  in  a  similar  moderating 
system  in  which  plasma  occupies  the  place  of  the  dielectric 


Fig. 7 
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Effect  of  the  Form  of  Electrical  Field  In  the  Gun 
on  the  Noise  Factor  of  Traveling  Wave  Tube 
0  6 

by  k , Zyuz ln~Z inohenko ,  V.K. Lopukhin , V.M. Vasil  *  yev 

The  results  are  presented  of  calculating  the 
TWT  noise  factor  depending  on  the  form  of  the  field 
in  the  electron  gun.  It  is  demonstrated  that  distur¬ 
bances  of  the  field  near  the  cathode  have  an  intense 
effect  on  the  magnitude  of  the  noise  factor.  With 
the  transformation  of  the  disturbing  potential  val¬ 
ues  from  negative  to  positive,  the  noise  factor 
passes  through  the  extremum  minimum.  Characteris¬ 
tic  integral  curves  of  fluctuations  of  current  and 
velocity  in  the  TWT  gun  in  case  of  various  field 
disturbances  W(x)  are  discussed. 

Introduction 

The  TWT  noise  factor  F  is  known  to  be  called  the 
#S1  — o  squared 

value  F  =  1  +  ----i-,  in  which  U  gj  is  the  averag^value 
U^tl 

of  the  amplitude  of  the  growing  wave  at  the  entrance  to 
the  helix  caused  by  fluctuations  of  the  density  of  the 
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j* convection  current  q  and  velocity  of  electrons  if  in  the  1 
stream  on  the  assumption  that  the  signal  in  the  system 
does  not  arrive;  5  s  the  average  value  of  the  square 

of  the  amplitude  of  the  growing  wave  at  the  entrance  to 
the  helix  caused  by  fluctuation  .voltage  of  thermal  noises. 

The  TWT  noise  factor  determines  its  sensitivity. 

A  considerable  number  of  works  £  1  -  20,26,327  has  been 
devoted  to  calculation  of  F. 

The  findings  of  experimental  investigations  of  noise 
waves  in  electron  streams  are  cited  In  works  £  17,  21-2^/. 
These  waves  specify  the  periodic  dependence  of  the  TWT 
noise  factor  on  the  length  of  the  drift  space  and  the 
tube  operating  conditions. 

The  effect  of  the  nonuniformity  of  cathode  surface 
on  the  excitation  of  noise  waves  in  the  super  high  fre¬ 
quency  amplifier  is  studied  in  article  £ 5 _/. 

The  minimal  TWT  noise  factor  is  calculated  in  article 
£  2 6 J  on  the  assumption  that  a  certain  quadripole  which 
diminishes  the  noise  in  the  stream  has  been  placed  between 
the  helix  and  the  electron  gun. 

Data  on  the  low-noise  TWT  of  the  ten-centimeter . band 
is  given  in  the  interesting  work  fzij ,  The  minimal  noise 
factor  of  this  tube  Is  equal  to  4,8  db.  Reduction  of  the 
noise  factor  is  achieved  on  account  of  improving  the  des- 
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ign  of  TWT,  which  is  characterized  by  low  values  of  cur¬ 
rent  and  voltage  of  beam,  and  also  losses  in  the  helix. 

Articles,/  28,2^7  which  describe  low-noise  TWT 
with  minimal  noise  factor  of  3.5  db.  are  also  extremely 
interesting.  A  tubular  electron  stream  was  used  in  these 
TWT ;  the  noise  factor  strongly  depended  on  the  radial 
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distribution  of  the  gun  potential. 

Considerable  attention  has  recently  been  paid  to  the 
parametric  amplifiers,  including  also  parametric  amplif¬ 
iers  using  electron  streams  £ 30, 3^7.  According  to  prelim¬ 
inary  findings,  these  amplifiers  can  possess  an  extremely 
low  noise  factor. 

The  TWT  noise  factor  is  a  value  which  depends  in  a 
complex  manner  on  a  large  number  of  parameters.  The  noise 
factor  depends  on  the  characteristics  of  the  moderating’ 
system  {  retardation  and  Impedance  of  the  system),  on  the 
characteristics  of  the  electron  stream  in  the  system  (the 
magnitude  of  current,  crosssection  of  stream,  duty  factor 
of  helix  with  stream),  on  the  geometry  and  electrical  con¬ 
ditions  of  the  gun  and,  finally,  on  the  fluctuation  pro¬ 
cesses  at  the  cs-thode.  The  properties  of  a  moderating  system 
and  the  electron  stream  in  a  moderating  system  are  satis¬ 
factorily  accounted  for  by  theory. 

The  chief  difficulty  is  the  calculation  of  conditions  j 
4- 
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close  to  the  minimum  of  potential,  where  fluctuations  ar-e  I 
formed  that  excite  waves  in  the  electron  stream.  Strictly 
speaking,  it  is  essential  to  calculate  the  minimum  of  po¬ 
tential  conditions  with  consideration  of  statistics. 

Investigation  of  the  propagation  of  noise  waves  in 
the  gun's  electrical  field  which  varies  with  coordinate  also 
presents  a  certain  difficulty. 

The  complexity  of  the  problem  led  to  the  appearance 
of  a  number  of  works  containing  diverse  approximations  in 
computation  of  the  T¥f  noise  factor. 

A  critical  survey  of  the  works  £  1 ,3,4,6  -  16_/  in 
calculation  of  the  TWf  noise  factor  is  given  in  £  1? J . 

It  is  demonstrated  in  this  article  that  in  case  the  space 
charge  is  absent,  the  fluctuations  at  the  cathode  cannot 
be  considered  "planar**  but  must  be  regarded  as  "point," 

The  estimates  of  the  author  of  article  £W J $  con¬ 
firmed  by  experiment,  indicate  that  the  "point"  character 
of  fluctuations  leads  to  the  appearance  of  a  large  non- 
correlated  background  of  20  db,  order  in  the  expression  for 
the  noise  factor.  This  background  is  connected  with  the 
higher  harmonics  excited  in  the  stream. 

It  is  also  stated  in  article  £  M  J •  that  in  the  con¬ 
ditions  of  complete  space  charge  when  the  fluctuations  near 

the  cathode  can  be  considered  "planar" ,  the  fluctuations 
4- 
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of  current  and  velocity  are  without  fail  correlated .  "I 

This  statement  has  the  character  of  a  hypothesis  and  is 
In  need  of  additional  study* 

The  minimum  of  potential  does  not  change  the  velo¬ 
city  fluctuations.  In  article  f\9j  an  attempt  is  made  to 
calculate  the  compensating  current  fluctuation  near  the 
potential  minimum. 

In-  article  £ 20  J  model  studies  of  random  proces¬ 
ses  close  to  the  potential  minimum  by  means  of  the  Monte 
Carlo  method  are  carried  out  on  the  assumption  of  a  com¬ 
plete  space  charge  and  “planar*'  fluctuations  at  the  cathode 
The  calculation  of  average  values  for  current  and  velocity 
fluctuations,  found  for  3000  partial  Internals ..  of.  time 
At  {  each  interval  is  assumed  equal  to  At  =  10~^see. ) , 


showed  the  absence  of  correlation  of  current  and  velocity 
fluctuations  in  the  plane  x  s  1*2  xm  »  in  which  -  Xm  is 
Mm  the  distance  of  the  potential  minimum  from  the  cathode. 
The  depression  factor  of  the  shot  effect  fluctuation  Fc { ) 
at-.. thfe, potential  minimum,  end  also  the  min  F  {<*>)  were  cal¬ 
culated,  For  the  concrete  tube  type  studied  and  fixed  opera 
ting  conditions  F2  and  min  P  have  a  minimum  at  ^ 
a  2500  Me,  The  calculations  were  made  by  means  of  an 
electronic  computer. 

Another  group  of  problems  is  examined  in  this  art! cl 
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For  the  calculation  of  the  noise  factor  of  concrete! 
TWT  with  a  known  gun  geometry  and  electrode  potentials,  it 
is  necessary  to  integrate  the  equation  of  the  electron 
travel  in  the  gun,  taking  into  account  the  gun's  real  geo- 
hi  ©'try  and  its  el  ©Ctrl  cal  conditions# 

In  a  number  of  works  /*1,2,7 J  this  problem  is  solved 
by  Keans  of  the  Llewellyn  formulae  which  are  applied,  how¬ 
ever,  only  in  a  one-dimensional  problem,  whereas  in  real 
TVfT  guns  which  usually  have  a  series  of  diaphragms,  to* 
consider  the  field  one- dimensional  is  impossible. 

The  conception  of  the  gun’s  electrical  length  Lep 
is  used  in  some  articles  /"l8  J% 

I'M  ™ 

in  which  % is  the  plasma  wave  number  of  electrons 
(cog  Is  the  plasma  frequency,  Vq  is  the  average  velocity  of 
electrons).  This  value  is  convenient  for  qualitative 
description  of  the  behaviour  of  the  TWT  noise  factor  in 
dependence  on  conditions.  The  introduction  of  this  concep¬ 
tion  is  legitimate,  however,  only  under  the  condition 
©"Iff ^  which  cannot  be  fulfilled  in  certain  sections 

of  real  guns. 

The  purpose  of  this  study  is  to  clarify  the  effect 


+ 


forms  of  the  electrical  field  of  the  gun  have  on  the  TWT  ~j 
noise  .factor e  It  Is  presumed  that  conditions  of  a  complete 
space  charge  occur.  The  current  and  velocity  fluctuations 
in  the  virtual  cathode  are  considered  planar*  so  that 
only  a  fundamental  wave  is  excited  in  the  stream. 

The  correlations  of  current  and  velocity  fluctua¬ 
tions  in  the  virtual  cathode  are  formally  taken  into  accoun 
as  i &  done  in  the  works  /~9» 15  J * 

The  problem  is  solved  for  a  cylindrical  electron 
stream  (  as  infinite  focusing  magnetic  field  is  assumed) 
in  a  single-velocity  approximation. 


Calculation  of  TWT  Noise  Factor- 


In  calculating  the  TWT  noise  factor  F  we  proceed 


rrore  the  expressions  /  37 


f5‘s«; 


pi 


?  —  1  as  r~~™ — 7T»  Hi  if 

tra/ir  !  %  J* 


2  £&  C 


<«A~4Q 


!* 


(D 


in 


wm 


f* 


T  Is  the 


temperature  at  the  helix  entrance  in  absolute  degrees 
(T  “  300°  K) ;  Af  is  the  pass  band  of  the  intermediate 
frequency  amplifier  in  cycles  per  second;  Z  is  the  longi¬ 
tudinal  impedance  of  the  helical  line  In  ohms; 

,p 

*i  **  18S!  — -yQ  is  the  average  velocity  of  electrons 

in  the  stream  corresponding  to  potential  U0>.  so  that 


\  H&Cra/sec)  =  5.95  x  lO-’/Tjo  {  where  Uo  is  in  volte) ; If  and  ^ 
<jf  are  variable  components  of  the  velocity  of  electrons 
and  density  of  convection  current  at  the  helix  entrance; 
j  =  s/ZT~  ;  I0  is  the  full  current  in  the  stream;  Cj0(a/m2) 
is  the  constant  component  of  the  density  of  convection 
current  in  the  stream;  ^ 3  are  the  second  ana  third 

roots  of  the  dispersion  equation 

8*  —  — — ™L~ ~~  4  Q  o 

{"-  b  +  Jd  +  Jty 

where  d  is  the  parameter  determining  the  attenuation  of 
waves  in  &  cold  system  (  lower  than  the  everywhere  adopted 

,‘i 

d  =  0.25),  b  is  the  parameter  of  the  relative  velocity  of 

electrons  and  Q  is  the  parameter  of  the  space  charge  £\  J. 

The  expression  for  the  potential  V&  of  each  of  the 

three  direct  waves  is  written  in  the  form; 

Vk  -  iVexp  (~Jh  +P,  CS,)2;  k  =  1.2,3 ; 

x3+Jy3, 

In  which  x  and  y  are  the  real  and  imaginary  components  of 
the  roots  of  the  dispersion  equation;  Vfeo  is  the  potential 
wave  arnpl 1 tud e . 

The  roots  and  are  characterized  in  that 
x2  <  0  and  X3  ~  0,  i.e.  they  correspond  to  - i  attenuating 
and  no n~ growing  waves. 
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Expression  (1)  is  correct  in  the*  following  assumpt¬ 
ions?  electrons  travel  only  along  axis  zj  in  the  stream 
are  propagated  three  direct  waves  corresponding  to  one  and 
the'  same  distribution  of  the  electromagnetic  field  in  cross 
section,  i, e*  waves  of  higher  orders  are  absent  in  the 
stream;'  the  terminal  cross  section  of  the  electron  stream 


is  taken  into  account  owing  to  the  dependence  of  Q  on  the 
stream  and  helix  radii  1 

We  transform  expression  (1).  Everywhere  below  In 
the  integration  of  equations  of  electron  travel  in  the 
zone  of  the  gun  or  space  of  the  drift,  we  will  assume 
that  the  variable  components  of  the  fluctuation  convection 


current  ^  and  velocity  If  have  the  form; 


in  khlch  0,  »  Wpo.  .  {  In  future  we  omit  the  "tilde11  marks 

A  ,  ^  s 

over  the  variable  components  ^  and  if*) 

Assuming  further  the  rightness  of  the  theory  of  small 
amplitudes,  which  is  fulfilled  well  for  noise  signals,  we 


have: 


t»o*  d  q 

ii  t - - *  (,  rfrr  in  r- 

/  d  dt' 


in  which  vQ  %  (  Z)  is  the  constant  velocity  component 
ip  m/sec.;  Is  the  constant  component  of  convection 


current  density  in  e/m2;  *  2flf  is  the  angular  frequenori 

~£. 

We  introduce  the  dimensionless  coordinate  *'"/• 


<r{j#}  ,  4  68 10**-#.  * 


(^Introduction  of  x  is  equivalent 


to  measurement  of  the  distance  along;  the  stream  in  mllli- 
meters.)  then  (2)  assumes  the  for©; 


/?p«* 


where 


Substituting  (3)  in  Oh  after  transformation  we  have 


■jf  ~  1  SS  A  q%  ~  £  q  qf  -f  E  f'8  U.i  . 


in  which 

A  «=  «.  JI£12SlM£-.  .  10*  4,  ; 

kT&fZq*  '  kTlfttf* 

E  -  SrcT^ri  W  h*:  ^  =  to*  + 4  $  c>*  + 

&*  —  4T,  (if/  —  4QO,  &3  “V  “f  (f2  t  >'#  • 

Here  L  is  the  distance  from  the  cathode  to  the  entrance 
in  the  helix.  All  other  symbols  have  the  usual  sense 
referred  to  above.  The  dimension  values  (  Uotfe,T,  f  »Z, 

<\ o  *  'Vb » s  g*-*  )  &re  calculated  in  the  MKS  system,  the  co¬ 
ordinate  x  is  taken  in  mm. 

from,  formula  (4)  it  ie  clear  that  the  noise  factor 
F  depends  on  the  beam,  helix  parameters,  and  also  on 
tjhe  values  and  C|*  at  the  entrance  to  the  helix,  i.e. 
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t’with 


For  the  calculation  of  f  and  *  , it  Is  necessary 
to  Integrate  the  equation-  of  electron  travel  In  the  gun 
with  potential  U  =  U(x),  which  for  real  guns  is  taken 
by  means  of  an  electrolytic  bath. 

Integration  of  Equations  of  Electron  Travel 


In  the  Gun 

Joint  solution  of  the  equations  of  the  electromag¬ 
netic  field  and  the  equations. of  electron  travel  in  the 
beam  in  the  assumption  of  small  amplitude  theory,  leads 
to  the  equation  /  25  J 

(5) 


in  which  ^  is  the  variable  component  of  convection  cur¬ 
rent  density  in  a/ra^j  q'^dg/dz;  ■  q*  ~~  <P  q/d  z*;  =  •»,(*) 

is  the  constant  component  of  velocity  of  electrons? 

<*'*  ~  d  ttv/d *;**  “!V**  %  is  the  plasma  frequency; 

$o“  0U(*>)  is  given  by  the  work  graph  £  ’5  J  *  in  which 
5'=^^“  —•  b°,  ***  is  the  angular  frequency;  t>  is  the 

radius  of  the  electron  stream ; Ub  is  the  average  stream 
velocity. 

Equation  (5)  is  approximate,  derived  in  the 
assumption  «^>  <^uo,  which  is  usually  well  fulfilled; 

we  will  assume  that  the  electrons  travel  only  along  axis  Xu| 

+ 


j-the  finltneas  of  the  ©tress  cross  section  is  taker*  into  1 
account  by  the  function  #c(|)« 

In  equation  (S>)l tro=V0(25  should  be  calculated  with 
consideration  of  the  constant  space  charge  component « 

Let  us  examine  the  conditions  of  cathode ' current 
limitation  by  the  space  charge.  At  the  same  time  the  po¬ 
tential  minimum  is  formed  near  the  cathode.  We  place?  the 
beginning  of  coordinate  0  in  the  plane  of  the  potential, 
minimum.  The  constant  component  of  electron  velocity  in 
cross  section  a^O  close  to  the  cathode  is  determined  by 
the  expressions 

®e*  *=*  ew*  4-  2  tl  (g)  , 

m  ( 6 ) 


in  which 


e«f 


~§m  '  is  the  average  velocity  of  electrons 


in  the  minimum  of  potential » calculated  for  the  Maxwell  dis¬ 


tribution  of  electrons  close  to  the  cathode  in  velocities, 
k  =  1,38*  erg/degree,  Tc  is  the  temperature  of  the 

cathode  (  for  T0  a  1030°  » V2oc  corresponds  to  0,0?  ev) , 
V(Z)  v  is  the  potential  determined  by  the  equation  /  3 6/: 


z%  #*s  10** (2,33  U ^  +  1,84  (/) ,  (7 } 

in  which  Z  is  the  distance  from  the  potential  minimum  in 
meters}  is  the  constant  component  of  convection  current  _J 
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density  in  a /nfi- 


~i 


•  Introducing  Just  as  before,  the  dimensionless  co¬ 
ordinate  where  iQ  sr  1 O"'-'5  m,  we  write  (?)'  in  the 

form : 


C„  Jf»®  2,33  £/*  +  \MV\ 


(8) 


Equation  (8)  is  a  generalization" of  the  “law  V: 2M 
in  the  case  when  the  initial  velocities  of  electrons  in 
the  potential  minimum  are  taken  into  account.  Equation 
(8)  is  correct  only  in  the  extremely  email  distance 
from  the  potential  minimum  in  that  zone  where  the  field 
is  one-dimensional.  For  definiteness  we  will  assume 
Xi  r=  0.2b,  where  b  is  the  stream  cross  section  radius. 

In  the  space  between  the  planes  X=  X-]  and  A~  L  (  tC=:  L 
corresponds  to  the  helix  beginning) ,  we  will,  for  definite¬ 
ness,  set  potential  U(X)  in  the  form  of  the  curve  plotted 
in  Fig.?.  Potential  distributions  of  this  type  are  obtained 
in  three- electrode  guns  of  the  kind  pictured  in  the  same 
drawing,  with  definite  potential  values  on  the  electrodes 
C  21  _7.  Ik  the  interval  0.2  b  <^)C  L,  the  curve  U  (>c)  is 
so  selected  that  with  0.2b  it  changes  over  to  the  curve 
given  by  equation  (8).  The  selection  of  potential  in  the 
interval  0. 2b  <^x.<^  L  is  not  essential,  since  the  purpose 
of  further  calculations  is  to  establish  the  dependence 
o£  the  noise  factor  on  disturbance  of  potential,  with 


j-v&rlatlon  In  wide  limits  of  parameters  characterizing 
this  disturbance^,- 


Fig. t  Undisturbed  potential  in 
gun  V  C^f)  and  olroult  of  three- 
electrode  TWT  gun. 


With  consideration  of  (6),  equation  (5)  assumes  the 
form:  <  U' 


*'  +  ,‘5  +  + 


+§‘5’ie“*(y^M^f*‘0 


(9) 


in  which 


&  e  “*  O.O?1 ;  f ”  ««£• . 

«« 


ifx8  * 


iM*) 


js*  f e,  =  2,33  V1  -f  1.84  0  for  0  <  x  <  *, 
ie  given  by  curve  Fig.  1  <  ** 

0B  a*  const  .  •**«  *  <  £ 


1 


1*  ^2  is  the  gun  length  from  the  cathode  to  the  entrance 
into  the  drift  cylinder; 

L  is  the  distance  from  the  cathode  to  the  entry  helix; 

U0  is  the  helix  potential;  %  and  Ct0  have  the  former  sense 

Equation- (9)  should  he  solved  with  definite  boundary 

conditions  in  the  virtual  cathode  %=t  .0. 

In  accordance  with  work  £  \bj »  wo  assume  that  in 

the  cathode  are  excited  three  waves  of  convection  current 

<$2  and  ^3  with  three  types  of  initial  conditions; 

;  I.  Y'i  —  k  #)  +  0;  (§' \  0 ; 

?!.  #S(C?)  «  0  ;  /r^l  <8  m  *  0 ; 

; III.  fs  i0;»  «*  $ ,  (0)  Vi  *;  4'»  ($)  ®*  #' v ©  *  ;  ? . 

in  which  0<*<i,  0<«<i  are  coefficients  characterizing 

correlations  in  the  virtual  cathode. 


in  which  $0(im2)  ie  the  area  of  the  stream  cross  section; 
I0  x  80g0  is  the  full  stream  current;  Tc  is  the  cathode 
temperature;  is'  the  hand  width  of  the  intermediate 
frequency  amplifier  in  cycles  per  second ;  I*  ^  is  the  de~ 
pression  .factor  of  shot  effect  fluctuations  of  current  at 
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j-the  minimum  of  potential.  According  to  16  J  this  factor"! 
in  centimeter  waves  has  a  value  of  the  order  of  0,6  -  0,8 
depending  on  the  cathode  operating  conditions,  density  of 
emission  current  and  cathode  temperature. 

The  waves  <|1  is  excited  by  current  fluctuations  in 
the  virtual  cathode,  velocity  fluctuations,  and 

by  correlated . fluctuations  of  current  and  velocity .Taking 
into  account  the  linearity  of  equation  (9) ,  one  can  write; 

q%  (*)«“$,  (*)  +  q%  (x)  ■ 

To  each  of  the  three  waves  corresponds  the  noise 
factor  (  i  =  1 ,2,3) ,  calculated  by  the  formula 

=  +  {11) 
where  is  calculated  at  the  entrance  to  the. helix 

\  '  • 

The  complete  noise  factor  F  assumes  the  form; 

F—  1  =  (1  —  kW t  -  1)  +  <1  -  *){ Ft  -!)+**  (Fa  -  1).  (12) 

With  fe  =  0  correlations  are  absent,  with  k  =  1  correl¬ 
ations  are  complete,  factor  X<^1  characterizes  the 
depression  of  the  correlated  wave  at  the  potential  minimum. 

From  (11}  and  (12)  it  follows  that  the  noise  factor 
F  depends  on  the  correlations  in  cathode  K  of  helix 
and  current  (A,B,E)  parameters  and  the  forms  of  fields 


fin  the  electron  gun,  which  determine  the  (X) ,  00  be¬ 

haviour  and  consequently,  c^(L)  and 

The  problem  of  this  study  is  the  calculation  of  the 
variable  components  9l(?0  and  9 2 an<3  a^so  'the  noise 
factors  F-|  and  F2  in  case  the  electrostatic  field  in  the 
gun  U  (X)  varies  in  wide  limits.  The  values  F^  and  Fg  ob* 
talhed  from  (11)  correspond  to  non- correlated  excitation 
of  noises  by  current  and  velocity  fluctuations.  The  corre¬ 
lation  of  current  and  velocity  fluctuations  at  the  poten¬ 
tial  minimum  was  not  taken  into  account.  Its  calculation 
can  be  done  formally  by  means  of  formula  (12),  whereupon 
for  computation  of  the  correlation  factors  k  and  X  ,  it 
is  necessary  to  take- into  account  conditions  in  the  cathode 


-potential  minimum  space. 

Let  us  assume  that  the  distribution  of  potential 
in  the  gun  has  the  forms 

V  (*)  —  V (*)  +  fW. 

in  which  Vtx)  is  the  potential  (Fig.1)  corresponding  to  one 


of  the  possible  conditions  of  the  three-electrode  TWT  gun; 
W(x)  is  the  function  determined  by  the  expression: 

0  4^  0  <  *  <  *, 

ir  =  !  D  03) 

1  1  1  P*  (*,  -  ff  for  *,<*<*,. 

0  i  jla,  x.  <  x  <  L 


assume 


where  %1  =.0.1;  Ig  =  22, .  parameters  D,  y  *  f, 
a  number  of  values. 

From  expression  (13)  for  W(X)  it  follows  that  D  is 
proportional  to  the  amplitude  of  the  disturbed  field,  ji is 
equal  to  the  distance  from  the  cathode  (  in  mm)  at  which 

the  disturbing  field  is  maximal, r  characterizes  the  width 

—  _  -1 

of  the  disturbing  field  M  (  in  the  plane  X.“~*  y  ^ 
disturbing  field  drops  €  times).  It  is  evident  that  by 
varying  D,^  and  J  the  form  of  the  field  of  TWT  gun  can  be 
modified  in  wide  limits.  Practically  disturbance  of  the 
(12)  kind  can  be  created  by  placing  in  the  gun  one  or  seve- 

n 

ral  additional  diaphragms  with  definite  apertures  and  pot¬ 
entials.  Shown  in  Fig.  2,  a  are  graphs  for  (X)  and  %(%), 

Cf  *  1  (X)  and  ‘  2  (X)  *  in  which  ^  (*)  and  rePresent  the 

results  of  the  integration  of  equation  (95  with  boundary 
conditions  of  the  I  or  II  type  in  case  of  U  =  V  +  V. 

Adopted  for  definiteness  in  the  integration  of  (9) 

arei  Qo  =  103  4  ;  4=  500-10"* a;  l\  =  800*.-. 

The  boundary  conditions  for  Cj-j(O)  and  Cj'gCO)  are 
calculated  by  means  of  formula  (10)  in  which  was  adopted: 

410  *  *. 

r»=  0,7.  A/-2tG»«j, 

«*  ,  c  =  3- 10®  Mjcett,  1  *  0,08  M. 

+.  1-  cycles  per  second 
2  -  m/sec 


Fig. 2.  Dependencies 

*6*);  ftj**  «'*  W 


=-25;  8)  1=3;  x«W;  *>  t**®-01# 


The  forms  of  integral  curves  (X)  and  ^2^  close 
to. the  virtual  cathode  are  shown  in  Fig,3»  From  this  drawing 


Fig. 3  Dependencies  (?t)  and  cjgW 
close  to  the  virtual  cathode. 

it  is  clear  that  near  the  virtual  cathode  the  curves  %  (X) 
and  <^2(7Q  experience  intense  (lls-turbance,  then  pass  through 
zero  and  are  further  uniformly  varied  to  point  tC=  22; 
for<X^>22  the  curves  9\  {%}  and  ^2 (X)  vary  periodically 
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with  the . coordinate,  with  a.  period  of  ,  where fys  % -r{ 
For  the  conditions  examined  fy=  2.65*  10“ 2  ®®“*»  Fig,  2 
lad i cates  that  the  space  charge  near  the  virtual  cathode 
suppresses  the  oust  eat  arc  velocity  fluctuations  so  tost 
for  ft  point  sufficiently  remote  from  the  cathode  (  for 

*}**<*%  * 

In  Fig.  2j.'fe  md.  c  are  given  integral  curves  q  1  (X) 
and  %{K)  for  the  interval  1  <X  <  22  with  various  values 
of  the  parameters  8v  p^yof  function*  W(*) »  Fig.*;,  b  and  c 

show  that  the  integral  curves  <?|  (X)  qualitatively  have  an 
Identical  for®  under  various  disturbance  conditions*  dith 
the  rise  of  D  from  negative  values  to  positive®  tue  curves 
(X)  rise  from  the  sone  ({it)  0  upward,  approaching 

axis  &  All  the  curves  have  a  minimum,  extremely  sloping 
for  £  2>0  and.  more  pronounced  for-  D<^0,  These  character¬ 
istics.  of  the  behaviour  of  the  curves  is  especially  evident, 
at  low  f (  for  example  3),  Variation  of  y  influences 
the  behaviour  of  the  integral  curves  to  a  lesser  extent 
than  change  of  |jt’ does.  The  value  of.  ^  is  determined  by  the 
cross  section  in  which  the  diaphragm  disturbing  the  field 
is  placed.  The-  graphs  of  Fig. 2, consequently ,  indicate  that 
the  diaphragm  intensely  disturbs  the  integral  curves  (X) 
snd  %/CX)  if  it  is  placed  near  the  cathode,  for  example, 
at  a  distance  which  corresponds  to  P=  3  m®.  The  curves 

4- 


f  qualitatively  vary  In  dependence  on  p/f  and  D  just-  ^ 

the  same  as  (&} . 

Considering  that  the  noise  factor  F  is  increased  with 
the  rise  of  i^{X)j  and  1  q  ’  (X)i  at  the  entrance  to  the  helix, 
reduction  of  the  noise  factor  can  be  expected  in  the  case 
when  Cjf(X)  and  tfj'()0  in  the  gun  are  small,  l.e.  the  integral 
curves  Cfa  (x)  and  are  close  to  axisX . 

It  follows  from  Fig, 2  that  integral  curves  with  rise 
of  D  at  first  approach-.-..:  axis  X  from  below  (<|<0) ,  and 
then  recede  from  axis  X.  upwards  ,>0).  This  means  that 
with  fixed  p  and  “ip  the  TWT  noise  factor  must  have  a  minimum 
depending  on  E, 

Integrating  equation  j( 9) ,  we  calculate  %(L)  and 
^’i(L)  (  i  =  1.2}  and  further  by  formula  (IT),  find  the 
noise  factor  of  the  tube  F^  depending  on  paramters  that 
characterize  field  disturbance.  The  chief  role  in  deter¬ 
mining  the  noise  factor  is  played  by  Fg  which  is  10  to  100 
times  greater  than  F-j . 

Plotted  In  Fig. 4  is  the  dependence  of  noise  factor 
Fg  on  parameter  D  in  proportion  to  the  disturbing  field's 
amplitude,  with  different  values  of  |>  and  y. 

In  all  more  than  150  equations  were  integrated  that 
correspond  to  various  disturbing  fields  in  the  TWT  gun. 

The  integration  was  done  by  means  of  a  high  speed  electranisj 

+ 


21 0 


■{■computer  ATsVM-2  at  the  Moscow  University  computing  1 

center. 

Conclusions 

I - TTT'"  umum****** 

On  the  grounds  of  the  Fig.  4  graphs,  such  conclus¬ 
ions  can  be  drawn; 

1.  The  dependence  of  F2(D)  is  manifested  most  inten¬ 
sely  if  £  =  3  and  is  least  perceptible  if  §*=  15,  which 
corresponds  to  the  circumstance  that  field  disturbance 
near  the  cathode  has  a  more  intense  effect  on  the  tra jector 
ies  of  electrons  than  disturbance  remote  from  the  cathode. 

2.  All  P2(D)  curves  at  D  s  0  intersect  at  one  point 

■t 

-  9;  this  value  corresponds  to  the  noise  factor  of  the 
concrete  TWT  examined  in  the  absence  of  a  disturbing  field. 

3.  With  £>=  3  and  5,  l.e.  in  the  case  when  the 

field  is  disturbed  sufficiently  close  to  the  plane  of  the 
cathode  (  0)  variation  of  parameter  "Yh-as  little  effect 

on  the  form  of  curve  B^CD)* 

4.  With  ~p=:  3,  5  for  all  y  and  wither  10  for 

Yt=  0.01,  which  corresponds  to  a  sufficiently  sloping 

curve  of  field  disturbance,  F2(D)  has  a  minimum  lying 

close  to  the  value  F2(0)  s  *9.  This  signifies  that  in  the 

concrete  tube  examined  the  field  disturbances  determined 

by  formula  (13)  lead  to  an  Increase  of  its  noise  factor. 

The  tube  is  practically  optimal  in  field  form.  This  con¬ 
's- 


^elusion  is  in  accord  also  with  the  results  of  work  £2 \  J  ^ 
in  which  it  is  stated  that  field  distribution  in  the  gun 


close  to  that  given  in 


1  is  moot  favorable  from  the 


viewpoint  of  low  noise.  Smooth  growth  of  potential  in  the 
gun  from  cathode  to  helix  is  characteristic  for  this  field. 
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The  Use  of  Phase  Pr-e6electlo^,.og_glgna,l 
for  'Raisin**  the  Noiseproof  , Feature 
of  Radiotelegraph  Corog!unieaM,Qg^I5lSM 
#  7 

by  Yu. N. Babanov 

The  question  examined  is  the  application  of  the 
method  of  phase  preselections  in  radio telegraphic 
communication  systems  for  the  purpose  of  raising 
the  noiseproof  feature  with  respect  to  single  pip 
noise.  Experimental  data  are  given. 

Introduction 

Many  varied  methods  of  protecting  communication 
systems  from  pulse  noises  have  been  elaborated  in  cieualx 
at  present.  The  stretching  of  these  noises  in  time  is  one 
of  the  methods  of  protection  from  noises  whose  level  is 
below  the  level  of  the  useful  signal.  With  stretching 
lowering  of  the  noise  level  occurs,  owing  to  whicn  tne  si 
nal/noise  ratio  is  increased  at  the  output  of  the  communi 
cation  system  receiving  device.  This  method,  however,  nas 
a  substantial  defect:  the  devices  that  stretch  noises 
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simultaneously  distort  the  useful  signal  (  phase  distor-  ~j 


tions) . 


The  idea  of  group  transmission  of  signals  proposed 
by  B. V.Ageyev  in  1938  £  1  J  is  employed  in  this  study.  In 
the  method  proposed  ordinary  telegraph  signals  which  must 
be  sent  in  a  communication  line  are  stretched  beforehand 
in  time  by  the  creation  of  phase  preselections.  Due  to 
these  preselections  several  transformed  stretched  telegraph 
sendings  will  be  transmitted  at  any  moment  of  time,  which 
is  the  chief  characteristic  of  the  method  of  group  trans¬ 
mission  of  elementary  signals,  in  the  receiver  the  received 
signal  is  passed  through  a  device  with  parameters  so  chosen 
as  to  compensate  the  phase  distortions  of  the  useful  signal. 
Owing  to  the  compensation  of  phase  distortions  every  tele¬ 
graph  sending  assumes  its  original  form  at  the  output  of 
the  receiving  Bet,  somewhat  delayed  in  time. 

Pulse  noises  entering  the  receiver  together  with  the 


useful  signal  are,durlng  passage  through  the  compensating 
device,  stretched  in  time,  since  in  distinction  from  the 
signal,  they  do  not  have  phase  preselections. 

•The  Method  of  Phase  Preselections 
Shown  in  Flg.1  is  the  block  diagram  of  a  device 
which  accomplishes  phase  preselections.  The  device  is  a 
system  of  cells  connected  in  parallel,  each  of  which 


Fig. 1 .  Block  diagram  of  device 
which  produces  phase  distortions 
of  the  signal. 


a- summation  device 

consists  of  a  filter  with  band  Af*  and  a  quadripole  which 
realizes  the  signal  delay  in'  time  .  Inasmuch  as  each 
filter  passes  only  part  of  the  signal  spectrum  Afl  <«  i. 
2:,3...m)  and  the  delay  tl(  1=  1,2,3  ...  m)  ‘is  varied,  the 
signal  at  the  device  output  will  be  stretched  in  time. 

If  vthe  telegraph  signal  (Fig. 2, a)  be  supplied  to  the  input 
of  such  a  device,  then  the  device  will  stretch  each  elemen¬ 
tary  sending.  The  new  sending  duration  is  5  —  ('^max 

( xl  )mm»  ln  which  (t v)mftX  is  the  greatest,  and  (Tlr)mln 
is  the  least  delay.  In  Fig  2  b,  2c  and  2  d,  three  such 

stretched  sendings  are  shown  as  examples.  For  graphic  11- 

are 

lustration,  they/ represented  separately  one  from  the  other. 

At  the  output  of  the  device  in  reality  each  such  sending 

on 

will  be  partly  imposed  by  A-  1 /"stretched  sendings  following 
behind  it  in  a  similar  manner.  The  magnitude  A— 1  will  be 
determined  by  how  much  this  signal  is  stretched  by  the 
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•j-device,  l.e.  what  Its  new  duration  ^1;  will  be.  At  any  ^ 
moment  of  time  t^  ,  the  instantaneous  signal  value  at  the 


device  output  ie.iV0Ut  M  '  in  Vfhich 

is  the  Instantaneous  value  of  the  stretched  sending  It 
at  the  time  moment  tis  Due  td  compensation  of  phase  pre¬ 
selections,  the  signal  receives  the  original  form  Fi.g-*-2,e 
at  thd  output  of  the  receiving  device. 


Fig. 2.  Schematic  of  phase  preselection 
method  realization:  a  -  input  signal, 
b,e,d  transformed  first,  second  and 
third  telegraph  sendings  of  the  input 
signal;  e  -  output  signal. 


The  duration  of  a  single  noise  at  the  receiving 
set  output  is  tn  ==  ('ti *  5 max  (t*  i)  min,  in  which  (^i 1  )max 


4* 
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4-  and  (fi)  m^n  are  the  greatest  and  the  least  constant  * 
times  of  the  totality  of  constant  times  Tj_*  (  1  ss  1,2,3. . . 

M  )  of-  the  compensating  device’s  delaying  quadripoles. 
Whereupon,  with  k  times  increase  of  the  noise  duration , 
the  average  level  (  within  the  limits  of  the  new  duration) 

Is  reduced  roughly  k  times. 

The  parameters  i)  and  {‘C'  i)  1  =  1,2,3  .  ♦  .Pi )  of 

the  transmitter's  stretching  device  must  be  so  selected  that 

the  top  cutoff  frequency  of  the  filter  with  number  i  might 

coincide  with  the  bottom  cutoff  frequency  of  the  filter 

with  number  i  *  1 ,  in.  which  1  =  1,2,3...  Pi  —  1,  and  the 
m  is  fulfilled, 

equality  I /where”’  /\  F  is  the  band  width  of  the 
frequency  necessary  for  non-dl storied  transmission  of  the 
elementary  sending  (  refers  to  frequency  distortions). 

Finally,  the  constant  times  of  the  delaying  quadripoles  must 
satisfy  the  equality  *,-+»  ~  +TV«  (/**!, 2, 3,  ...m  —  Din  which 
f  0  is  the  duration  of  the  unstretched  elementary  sending. 

Parameters  of  the  compensating  device  in  the  receiver 
are  selected  taking  the  following  into  consideration : (a)  the 
filter  with  number  i  (  i  =  1,2,3  . .  .-nO  of  compensating  device 
must  be  identical  to  the  filter  with  number  i  (  i  =  1,2,3 
. . . m)  of  the  stretching  device;  (b)  the  constant  times 
must  satisfy  the  equality;  *t  4“  V *“ +  V  *“  —  ^  x*  + 

—  X—  x  =  t0  *»  Const. 
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If  all  these  requirements  are  met  the  communication! 
system  as  a  whole  will  not  distort  the  signal  passing  - 
through  It  and  at  the  same  time  will  stretch  the 
pulse  noises  coming  Into  the  receiver. 

Analysis  of  Distortions 

Departures  from  meeting  the  conditions  formulated 
above  for  the  Ideal  system  create  distortions.  It  is, there¬ 
fore,  necessary  to  determine  clearly  the  departures  from 
meeting  the  mentioned  conditions,  that  are  permissible 
for  reliable  and  correct  operation  of  the  final  device. 

For  this  purpose,  we  remind  about  the  following  character¬ 
istics  of  the  operation  of  telegraphic  communication  sys¬ 
tems  f  2s3Ji(&)  before  landing  in  the  terminal  device,  the 
output  signal  Is  limited  in  maximum  and  minimum;  (b)  the 
performing  mechanisms  of  the  terminal  device  possess  cor¬ 
recting  capacity  (  for  synchronous  apparatus  '^>.35%  and 
for  start-stop  p  25  %) . 

Residual  Phase  Distortions 

To  obtain  a  non-dietorted  signal  at  the  system  out- 

essential 

put,  it  is,  other  conditions  being  fulfilled, /that  the 
equality  *■,  4- 1/  2=  %.  Is  fulfilled  for  any  cell  with, 
number  i  (  I  =  1,2,3  ...fft).  Practically  another  correla¬ 
tion  occurs;  t,  4*  V  “ **  ±  A  v  The  errors  ^Ti  depend 

on  inaccuracy  in  making  the  delaying  quadripoles,  instabi- 

4- 


j-llty  of  the  elements  entering  their  circuits  and  so  » 

' forth. 

A  detailed  theoretical  analysis  // M J  (  carried  out 
pn  the  assumption  that  the  equality  xm  +  xm * V  is  ful¬ 
filled  for  the  cell-  with  number  and  for  all  other  cells 
qceurfs  the  correlation '  xt *#±An  (i~h  %,  3  ...m—l),  ,  more¬ 
over,  fpr  fvery  harmonic  of  the  signal  -  a  square  wave  with 
period  Tp  -  its  own  cell  exists  in  the  stretching  and  com¬ 
pensating  devices  )  resulted  in  deriving  the  expression: 

4  no  -  y-I<-  ir- . 

1  d  i  *  0  * 

.-j. 

fn  which  /\V  |e  a  value  characterizing  the  distortion  of 
the  form  gf  the  telegraphic  sending;  T0  is  the  signal  per¬ 
iod;  |||  is  phe  number  of  cells,  The  worst  case  will  occur 
when  §|i  wi^l  have  identical  s|gnf  In  ipls  case: 

A  ^  #  Tp  If  it  ip  assumed  that  A**  0,1  J[&,  ,  then 

after ‘galpui#tiQns  we  derivp;  /\  Vmax  3=p,6  4,  where  A  is 

the  telegraphic  sending  amplitude.  Such  distortions  can  be 

considered  permissible,  if  the  limitation  in  maximum  and 

minimum,  ahd  also  the  correcting  capacity  of  telegraph,  sets 

jlA-  be  hept  ip  mind.  Although  the  distortion  an^-y®3-®  i^di- 

pated  §bove  was  made  for  a  pignal  qf  def|nite  fprmf  the 

analysis  method  itself  apd  tbe  finding#*  however,  allow  for 

[  1 

4- 
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t drawing  the  conclusion  that  the  residual  distortions 
will  he  permissible,  if  in  the  communication  system  for 
cell  with  number  i  the  error  is  (  where 

is  equal  to  the  top  cutoff  frequency  of  filters  with 
number  i  In  the  stretching  and  compensating  devices). 


Frequency  and  Phase  1)1  stortlons  Intrpducad^^b^ 


Filter  Sy stems 

Shown  in  Fig, 3  are  the  frequency  and  in  Fig, -4  the 
phase  characteristics  of  the  stretching  and  compensating 
devices,  and  also  of  the  entire  communication  system  as 
a  whole.  In  order  to  evaluate  the  magnitude  of  distor¬ 


tions  of  a  telegraphic  sending, 


Fig. 3.  Frequency  Character-’ 
istics;  1  -  stretching  device; 

2  -compensating  device,  3  -sys¬ 
tem  as  a  whole. 


we  make  the  following 


Fig, 4,  Phase  Chara¬ 
cteristics; 

1  -  stretching  device 

2-  compensating  device 

3- gystem  as  a  whole. 


assumptions ; (a)  we  will  disregard  the  sharp  dips  In  sepa 
rate  frequencies  in  the  communication  system’s  frequency 
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f character is tic  (  as  theoretical  analysis  and  experiment 
have  shown,  signal  distortions  depending  on  the  dips  indi 
cated  will  he  practically  imperceptible);  (b)  we  will 
consider  identical  the  band  width  of  all  filters,  i.e. 

A  «*,  »  A  -  —  -  A  -  A  «- 

Hence  2  *  A  F  . 

m  «•  — ■ — , 

A  « 


(c)  within  the 


**  min 


<0  ;  to 


Ui 


communication  system' 


limits  of  the  frequency  band,  from 

-  o>,  +  2 It  A  P.  we  imagine  the 
max  ' 

s  frequency  characteristic  in  the  form: 


M 

A  F  *’ 


,nd  the  phase  characteristic  in  the  form: 


<P  («*)  s  —  «•  -}-  sin 


A  F 


in  which  K,  is  a  value  depending,  on  the  non-uniformity  of 
the  frequency  characteristics  of  the  stretching  and  compen¬ 
sating  device,  and  T'0  -  the  non-linearity  of  the  phase 

characteristics  of  filters; 

(d)  the  input  telegraph  sending  we  represent  in  the 

'f  +* 

general  form  f±n  ( t)  ~  -i- f  S(a>)eJU,t </«*, 

2*  J 

in  which  S(«u)  is  the  spectral"  function  of  the  telegraphic 


o ending.  Then,  employing  the  Fourier  method,  »e  derive  -| 

rsi>  /out!*)* 


r 

- 1  s  {‘4 


MAi+K.COS 


/0  <t'o>/«  V  ~  Tc)  +  I  4(0  +  4 


&  A  (Vo)  /«  ^ 


'“"+TF)+ 


+  !&-/*  (t'o)  -  /,  (ol  /«(*  T°  -  J7-) +  iL/|  (t'o)^  (£  ~ tfi  "fTf 

■“■  ■*  .-V  _ 


/  2  m  \ 

(*'<>)  fm  (  ^  tf,  A  f  ) 


Here  I0 (T*o)  is  a  Bessel  function  of  the  first  kinu, 
zero  order,  and  I^T'o)  is  a  Bessel  function  of  the  first 
hind,  first  order*  (As  is  evident  fro®  the  derived  expres¬ 
sion  and  pig. 5),  the  output  telegraph  sending  represents 
the  sum  of  the  fundamental  pulse,  amplified  K010 (T  o* 

■and  four  "echoes'1.  The  most  intense  distortions  depend  on 
the  non-linearity  of  the  phase  characteristic.  Actually , 
with  the  growth  of  T'0,  the  amplitude  of  the  fundamental 
pulse  is  very  rapidly  reduced  and  the  amplitude  of  one 
"echo"  gains  swiftly,  i.e*  the  form  of  the  sending  is 
strongly  modified.  Distortions  depending  on  the  nothin  U  or  o 
itv  of  the  frequency  characteristic  are  more  feefcxy  exp* t.e- 
8ed,  With  the  change  Ki  the  amplitude  of  the  fundamental 
pulse  does  not  change  at  all,  only  the  "echo"  amplitudes 
are  changed,  i.e,  a  certain  "spreading  out"  of  the  signal 
in  time  occurs*  We  will  consider  the  distortions  allowable 
j^Flg.5)  if  I0 (T*6)  '  1  (  and  this  will  be  with 


j.  “T* 0  ^ 1 ) »  an®  If  the  condition  is  fulfilled;  ^  /0 (t'0)  -f  I 

if 

in  which  is  the  threshold  voltage 

in  the  minimum.  In  particular  with  T’o  both  condi¬ 

tions  amount  to  one;  Kj  Um^n.  It  is  important  to  note 
that  the  conditions  derived  do  not  depend  on  m  ,i.»e,  on 
the  number  of  filters,, 


Pig. 5,  Frequency  and  Phase  Distortions 
of  Elementary  Telegraphic  Sending. 

Findings  of  Experiments 

■  '  Inasmuch  as  the  purpose  of  the  research  was  to 
ascertain  in  principle  the  possibility  of  employing  the 
phase  preselection  method  in  systems  of  telegraphic 
communications,  the  experiments  were  conducted  on  an 
apparatus  whose  parameters  were  designed  and  changed  in 
the  testing  process  in  accordance  with  previously  derived 
theoretical  data.  The  transmitter’s  stretching  device 
^nd  the  receiver's  compensating  device  were  made  according 


r-j  n\  rr 

hr*  V> 


^.the  Fig.  t  circuit.  In  each  of  both  devices  the  delays  * 
of  the  signal  in  time  were  achieved  by  means'  of  a  magnetic 
sound  recorder,  in  which,  instead  of  one  head,  seven  magnetic 
playback  heads  reproducing  signals,  arranged  in  an  appropri¬ 
ate-  manner,  were  installed.  Each  head  was  connected  up  to 
its  frequency  filter.  From  the  output  of  filters  the  signal 
entered  a  summation  device,  from  where  it  was  supplied  to 
the  transmitter's  modulator  (  in  the  case  of  a  stretching 
device)  or  to  the  terminal  Instrument  (  in  case  of  a  comp- 
ensating  device).  In  the  experimental  unit,  the  possibil¬ 
ity  was  provided  for  connecting  an  amplitude  limiter  before 
the  compensating  device. 

The  oscillograms  obtained  as  a  result  of  experiments 
on  the  apparatus  indicated  above,  are  shown  in  Fig. 6.  At 
the  receiver  input  in  the  time  segment  t|  only  a  useful 
signal  entered,  in  the  time  segment  Ip  -  a  useful  signal 
with  pulse  noises  that  were  not  subject  to  limitation,  in 
the  receiving  device,  and  finally,  in  the  time  segment  tj 
a  useful  signal  was  received  with  pulse  noises  with  ampli¬ 
tude  limiter  connected.  Each  elementary  sending  was  stretch¬ 
ed  approximately  70  times  In  the  system. 

As  is  evident  from  the  oscillograms,  the  compensation 
of  the  useful  signal’s  phase  preselections  was  quite  satis¬ 
factory.  Moreover,  with  use  of  the  method  of  phase 
4- 


^preselections,  the  conmuni cation  system's  noiseproof  ~l 
feature  was  enhanced ...  appreciably .  The  result  of  stretching 
in  time  the  pulse  noises  in  the  compensating  device  is  seer- 
in  the  oscillograms  of  Fig.6,c.  In  consequence  of  stretch¬ 


ing  the  noise  pulses  vanished,  and  In  place  of  them  a  pe¬ 
culiar  “ripple 88  appeared  in  the  useful  signal.  With  use 


of  the  amplitude  limiter 
proof  feature  was  raised 


the  communication  system's  noise- 
still  more,  since  the  “ripple" 


almost  disappeared. 


Fig. 6.  Oscillograms;  a  -  input  signal; 
b~-  signal  at  the  output  of  the  receiver8 s 
detector;  c  -  signal  at  output  of  receiver. 


Conclusion 

The  foregoing  permits  drawing  the  conclusion  that 
Ijhe  method  of  phase  preselections  with  simultaneous 


^limitation  of  strong  pulse  noises  in  the  receiving  device  “f 
represents  a  method  of  accomplishing  in  practice  the  idea 
of  group  transmission  of  elementary  signals.  With  suitable 
development  of  the  transmitting  and  receiving  sets,  the 
given  method  can  secure  a  gain  in  the  noiseproof  feature 
of  radiotelegraphy  in  the  operating  conditions  of  strong 
pulse  noises. 

Preliminary  experimental  findings  on  the  system's 
noiseproof  feature  were  given  above.  Detailed  examination 
of  the  noiseproof  feature  problem  is  outside  the  framework 
of  this  study  and  merits  special  consideration. 

The  author  expresses  profound  gratitude  to  Prof, 
D.V.Ageyev  for  a  number  of  valuable  stiggeetions  he  made 
when  this  study  was  in  progress. 
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Problem  of  Transient  Conditions  In 
Logarithmic  Video  Amplifiers 
‘  #  8 

by  V.M. Volkov 

Typical  characteristics  of  transient  conditions 
in  video  amplifiers  with  logarithmic  amplitude  char¬ 
acteristic  are  examined.  The  dependence  of  the  pulse 
set  up  time  at  the  amplifier  output,  of  the  value 
of  the  pulse 1 s  flat  top  droop  and  the  parasitic  back 
overshooting  on  the  input  signal  level  is  given. 
Possible  ways  of  reducing  parasitic  overshooting 
are  Indicated. 

Logarithmic  amplitude  characteristic  (LAC)  can  be 

obtained  in  a  video  amplifier  through  employment  of  non¬ 
present 

linear  elements.  In  view  of  the  nonlinear  element sj the 
transient  conditions  in  logarithmic  video  amplifiers  have 
a  number  of  characteristics,  chief  of  which  are: 

(1)  drastic  reduction  in  pulse  set  up  time  with 
rise  of  input  voltage; 

(2)  drastic  increase  of  parasitic  back  overshooting 
yj£ th  rise  of  input  voltage.  The  appearance  of  substantial 

(>«n 
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overshooting  makes  impossible  practical  use  of  logarlthmie-J 

t 

video  amplifiers  with  dynamic  range  above  pO'  to  bb  db. 

Below  transient  conditions  are  examined  in  a  video 
amplifier  in  which  LAC  is  obtained  through  shunting,  the 
anode  loads  of  the  amplifying  cascades  with  nonlinear  ele¬ 
ments;  recommendations  are  given  on  reduction  of  parasitic 
back  overshooting. 

The  equivalent  circuit  of  a  nonlinear  cascade  is 
shown  in  Fig. t ,  in  which  ga  is  the  conductance  of  anode 
resistance;  gnon]  is  the  conductance  of  the  nonlinear 
element;  gc  is  the  resistance  leakage  conductance;  gj  is 
the  output  conductance  of  the  given  cascade  tube;  gj_n 
Is  the  input  conductance  of  the'  following  cascade  tube; 

C0  is  the  parasitic  capacitance  shunting  the  anode  load 
of  the  cascade;  Cc  is  the  transient  capacitance. 


Fig.  1. 

Either  vacuum  diodes  or  germanium  diodes  of  the 
BG-Ts,D2  and  1)9  types  can  be  used  in  the  capacity  of  non¬ 
linear  elements. 

In  a  single  nonlinear  cascade  it  is  very  difficult 

to  obtain  LAC  in  a  range  above  1b  to  20  db.  It  can, however ,~| 
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be  obtained  In  a  very  wide  range  by  means  of  several  non- -| 
linear  cascades  which  with  rise  of  input  voltage  operate 
alternately  in  logarithmic  conditions  {  alternate  operation 
of  nonlinear  cascades).  Shown  in  Fig, 2  are  the  amplitude 
characteristics  of  a  nonlinear  cascade  requiring  n  cas¬ 
cades  to  secure  alternate  operation,  N  =  2.72  (  curve  1) 
and  K  =  10  (  curve  2}  for  the  two  values  of  the  basis  of 
taking  logarithms.  In  Fig,  2  the  numeral  I  designates  the 
linear  section  of  the  amplitude  characteristic  from  0  to 
input  voltage  Uj.nl,.  numeral  II  the  logarithmic  section  from 
Uiril  to  U*  np  an<3  numeral  III  the  qua  s  II  In  ear  section.  In 
future  we  will  provisionally  designate  with  appropriate 
Index  all  variable  magnitudes  referring  to  the  given  sect¬ 
ions  of  the  amplitude  characteristic. 


For  community  of  analysis  of  the  transient  conditions 

we  Introduce  the  relative  values  of  the  input  x  and  the  ^ 

4- 


TJln  Uout  uout  — J 

foutput  z  voltages:  x  =  *  2  =  — - —  =  * 

U^ni  Uoutt  M^'lnl 

in  which  Uiri  and  0out  a?e  respectively  the  current  input 
and  output  voltages  of  the  nonlinear  cascade;  Ulnt  and 
Uoutl  are  the  input  and  output  voltages,  at  which  the 
LAG  of  the  cascade  begins;  K-j  is  the  maximal  amplification 
factor  of  the  nonlinear  cascade. 

Each  section  of  the  nonlinear  cascade's  amplitude 


characteristic  can  be  expressed  analytically  as  follows; 

(a)  the  linear  section  (  with  z  ^~!)  z  =  x; 

(b)  the  logarithmic  section  (  with  1  <<C  z  i^CalnD; 

*  1)  z  c  alxwc  4  1; 


in 


(c)  the  quasilinear  section  (  with  z^&alnD;  +  1) 


z  sr  a  Ini);  4  (  1 


Uing 

which  L|  =  »-*»— 
^in? 


*r 


is 


A~uoutm 

.  M>.  CM  MU  Mfc  «*  '**  *#■  ***  S*  i.  S 

A  UinIXI 


■  %  bx 

<«***  D  /  *f*  “*i“w**  ^ 

Dt 

the  range  of  LAG  of  the 

nonlinear  cascade; 

the  differential  amplifi¬ 


cation  factor  in  the  quasilinear  section  of  the  cascade 


characteristic,  numerically  equal  to  the  ratio  of  the 


output  voltage  increase  to  the  input  voltage  increase; 

a  s  1/lnN  Is  a  coefficient  characterizing  the 
LAC  slope  with  different  bases  of 
taking  logarithms  N. 

To  secure  alternate  operation  of  n  nonlinear 


001 
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cascades  with  different  coefficients  a  not  equal  to  unity] 
it  Is  essential  in  the  last  nonlinear  cascade  to  fulfill 
the  condition  Ki  =  J)t  and  a  «  b  1  (curve  3  in  Fig. 2) 
and  to  secure  fulfillment  of  the  condition  •K1  =  Dj  and 
a  =  h  =  1  ( Curve  I  in  Fig. 2}  In  all  the  remaining  nonlinear 
cascades  preceding  the  last  cascade. 

Inasmuch  as'  distortions  of  the  pulse  front  depend  on 
the  frequency  characteristic  of  the  nonlinear  cascade  in 
the  zone  of  high  frequencies,  and  the  distortions  of  the 
pulse  flat  top  depend  on  the  frequency  characteristic  in 
the  zone  of  low  frequencies,  it  is  expedient  to  separate 
from  the  general  equivalent  circuit  ot  tne  cascade  tne 
equivalent  circuits  for  the  high  and  low  frequencies  and 
to  examine  the  transient  conditions  separately  in  each  of 
these  circuits. 

The  equivalent  circuit  of  the  nonlinear  cascade  for 
the  range  of  high  frequencies  is  pictured  in  Fig. 3  in  vmlci 

Senonl  =  So  *  Bnonl* 


With  the  action  of  voltage  jump  Uin  at  the  input 
of  the  nonlinear  cascade  at  the  time  moment  t  =  0,  the 
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.transient  conditions  in  the  circuit  of  Fig. 3  are  described*! 
by  the  following  nonlinear  differential  equation: 

SUin 


dU0Ut  Benohl 

u 

dt  Co  uutJ  Co 


out 


To  obtain  the  amplitude  characteristic  of  a  nonlinear 
cascade,  essential  for  securing  alternate  operation  of  cas¬ 
cades,  the  conductance'  Senonl  mU8^  be  varied  according  to 
the  law  genonl  -  60  f (z)  where  the  function  f{z)  is  deter¬ 
mined  by  the  expression: 

i !  Sri?  zK 1 


?(*H 


* 

<u 

z 

1L 

b-z 


{z  —  aSn/i,  1  b) 


*  1  ^  Z  n  [)  *  -f  1 


.  z^.alnDti-l 


(D 


with 


At  the  same  time 

go-  it  +  So  +£•*  +•#« 


After  the  substitution  in  (1)  of  conductance  genony> 
relative  time  t/C0R0  and  relative  voltages  x  and  z, 

we  have 

(2) 

In  equation  (2)  the  variables  are  readily  isolated 

3  7(a)— f(2)2  C-  ^ 
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t"  The  solution  of  integral  (3)  with  consideration  of 

initial  conditions  for  various  sections  of  the  amplitude 
characteristic  of  the  cascade  has  the  form; 
la)  for  the  linear  section  (  z  1 ) 


a,  s  In 


X—  z 


(b)  for  the  logarithmic  section  (l<*<<*fn£),  Ht  0  (^) 

x—  I  . 


z—  1  ,  , ,  Jt  ,  a 


iri 


e 


(e)  for  the  qu&sll Inear  section 


«,„*=  in  *  -f  £-  In 
je~l  x 


D,  , 


U 


+ 


ttlnDj+1  — ft  * 


(5) 


(6) 


The  transient  characteristics  of  the  nonlinear- 

cascade  during  operation  in  logarithmic  and  quasi! in ear 

^out  . 


conditions  0 


U 


£(<X)  for  the  case  a  =  t  =  t 


outm 


are 


calculated  according  to  formulas  (4) , (5) » (6) , /pictured 
in  Fig. 4.  In  calculation  of  the  characteristic,  the  most 


probable  LAC  range  of  cascade, Dj  s  10  is  taken.  The  trans¬ 
ient  characteristics  for  the  quasllinear  cascade  operating 
conditions  are  calculated  for  x  -  10,33,56,79  and  102, 
which  correspond  to  the  relative  voltages  at  1 ,2,3)4  and  5 
inputs  of  nonlinear  cascades  in  the  end  of  the  logarithmic 
4** 
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grange  of  a  five- cascade  amplifier.  It  is  evident  from 
Pig. 4  that  with  the  rise  of  the  Input  signal,,  the  pulse 
set  up  time  ts  and  delay  time  at  the  output  of  the 
nonlinear  cascade  are  drastically  reduced.  Under  get  up 
time  is  implied  the  time  of  pulse  growth  from  0. t  to  0.9 
of  its  maximal  value*  The  delay  time  corresponds,  to  the 
time  of  pulse  growth  from  0  to  0.5  of  its  maximal  value. 
Shown  in  Pig, 5  are  graphs  of  the  relative  changes  of  the 
set  up  time  *i(*)  “  and  delay  time  -*  - — ~ 

for  a  s  b  t'  I  and  a  =:  b  =  0.435.  Pig. 5  shows  that  the 
maximal  rate  of  change  of  tE  and  t^  Is  observed  with  vari¬ 
ation  of  the  input  voltage  in  the  range  equal  to  the  LAC 
range  of  the  cascade  (  1  *£-!>}).  With  reduction  of 

factor  a,  which  corresponds  to  an  increase  of  the  basis  .of 
taking  logarithm  M,  the  relative  variation  tg  and  t$ 


t  ’  The  equivalent  circuit  of  a.  nonlinear  cascade  for 

lowest  frequencies  is  shown  in  Pig. 6.,  Estimates  made  by 
the  author  and  experimental  investigations  showed  that 
with  Ra  ^  1  kohffi,  Cc  =.  0.1  to  0.05  micro farads, and  the 


^  VtZ  Sr  tions  of  pulses 
rent  flowing  In  the 


tp  =  5  to  10  microseconds;  the  cur- 
circuit  and  the  resistance  Rnoni  of 


the  nonlinear  element  remain  practically  constant  during 


the  pulse  action  time.  The  Fig. 6  circuit  can,  therefore, 


be  considered  linear  with  a  sufficient  degree  of  accuracy 
during  the  pulse  action.  It  oust  at  the  same  time  be  taken 
Into  account  that  to  each  value  x  corresponds  its  own 


Rnonl  value.  The  meet  Interesting  value  characterizing 
transient  conditions  during  pulse  action  is  the  relative 
droop  of  the  pulse  flat  top  &  ,  numerically  equal  to 
the  ratio  of  the  absolute  flat  top  droop  at  the  end  of 
pulse  action  to  the  maximum  value  of  the  pulse.  Inasmuch 
as  the  cascade  is  linear,  the  relative  droop  at  the 


nonlinear  cascade  output  determined  by  capacitance  Cc 
charge,  will, at  the  end  of  pulse  action, be  equal  to 
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The  expression  (7)  is  correct  in  case  of  fulfillment  of 
inequation  Cc(Ra  +  Rnonl)  tu  which  is  practically  al¬ 
ways  fulfilled.  After  substitution  in  equation  (?)  of 


UfTI~tfT)$Q 


ft3  Cc 


fan  /Q^ 


1-  R 


nonl 


Fig.  6 


2-  Uox.it 

resistance  Bn0nl  =  found  from  (1)  and  expressed, 

through  x..  for  the  various  sections  of  the  nonlinear  cas 
cade  amplitude  characteristic,  we  derives 

(a)  for  the  linear  section  (0  ^  1} 


CAR»-b  & t)  ; 

Co)  for  the  logarithmic  section  (1  «:*</>,) 


__ta  (x  —ainx~  1). 

11  "~c7r,z  ""  ‘ 


(c)  for  the  quasillnear  section  (x>Di) 

tu  (jc  —  alnDj — 1  ~b-j~--Cfy 
Ain=  -  Qjg~x 

If ter  pulse  action  ceases  capacitance  C0  is  dis¬ 
charged  through  two  resistances  Ra  and  hnorj_  connected  in 
parallel.  Owing  to  the  increase  of  resistance  Rnonl  in  the 
orocess  of  capacitance  Cq  discharge,  the  pulse  droop  will 
be.  somewhat  stretched  and  the  pulse  droop  time  with  x  ^js-Dl 
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twill,  as  experimental  and  theoretical  research  has  -shown, 
be  two  to  three  times  greater  than  the  set  op  time.  The 
transient  conditions  during  capacitance  C0  discharge  are 
described  by  equation  (?). 

Worthy  of  attention  Is  the  formation  of  a  parasitic 
back  overshooting  with  capacitance  Cc  discharge  after  pulse 
action  stops,.  The  equivalent  circuit  of  capacitance  Cc 
discharge  is  pictured  in  Pig, 7. .&'noni  designates  toe 
resistance  of  the  nonlinear  element  in  which  is  isolated 
the  voltage  of  parasitic  overshooting  U0<  It  is  readily 
shown  that  the  relative  overshooting,  equal  to  the  ratio 
of  overshooting  voltage  to  the  maximal  pulse  value 
at  the  nonlinear  cascade  output  is  equal,  to 

.  V»  __  t* 

~  l/mtxm  Cc( 

With  fulfillment  of  inequation  UQ  ^  uout]  ^  this 
inequation  is  practically  always  fulfilled  In  case 
1  <x  <JG2)  R'nonl  =  Rc^  Ra  occurs. 

Then  tu 

Rxea^c  (8) 

After  substitution  in  (8)  of  the  expression  for 
Rnoni,  we  derive  respectively  for  the  linear,  logarithmic 
and  quasi linear  sections  of  the  cascade  amplitude  charact¬ 
eristic  ; 


_  For  community  it  is  expedient  to  introduce  the  new 

<  i 

values  and  "f  ,  characterizing  the  variation  and  d, 
but  independent  of  the  nonlinear  cascade  elements  Cc  and 
Ra  and  pulse  duration  tyj 


P-  & 


T 


d 


Shown  in  Fig, 8  are  the  dependencies  (5>(x)  and  y  (x) 

^  for,  the  cases  a  ~  b  =  1  and  a  =  b  =  0.434  with  the  cor- 

relation  ---  -  0.02.  By  this  curve  it  can  be  found  that 
Re 

for  the  more  real  c&se(Ra  =  2  kohm;  Cc  =  0.1  microfarad; 

D1  -  10;  tp  =  1  microsecond)  in  the  nonlinear  cascade 
(with  x  =  102)  as  compared  with  the  linear  cascade,  the 
relative  pulse  droop  can  exceed  ten-fold  and  the  relative 
overshooting  a  hundred  fold.  Such  a  drastic  rise  of  para¬ 
sitic  back  over shootings  in  separate  nonlinear  cascades  J 
4- 


j- leads  naturally  to  a  drastic  rise  of  the  hack  overshooting 
at  the  output  of  the  n~ cascade  logarithmic  video  amplifier. 

The  differential  equation  which  describes  the  tran¬ 
sient  conditions  at  the  output  of  the  i  nonlinear  cascade 
of  the  n-cascade  amplifier  at  the  initial  moment  of  pulse 
action  can  be  written  as  follows: 

~~j~  ~t*  ?  (*)  2’<  ®  Z-/-t  {*)  , 

in  which  zi=;|{«)  is  the  relative  voltage  at  the  output  of 
(  i  —  1)  nonlinear  cascade* 


Fig. a  Fig. 9 

The  transient  characteristics  for  a  different  number 

of  nonlinear  cascades  with  a  =  b  =  1  and  Dj  =  10  are  shown 

in  Fig. 9.  The  characteristics  are  plotted  by  means  of  a 

graphoanalyiical  solution  of  equation  (9)  f 2  J •  With  any 

n  the  solution  is  developed  for  the  end  of  the  logarithmic 

range  of  an  n-cascade  amplifier,  which  corresponds  to  the  „} 
4- 


^relative  voltage  at  the  input  of  the  first  cascade 
x  *  Bt *  Through  the  comparison  of  the  transient  character¬ 
istics  pictured  in  Fig, 9  with  the  n- cascade  linear  amplif¬ 
ier  characteristics,  Table  1  is  drawn  up  showing  the  rela¬ 
tive  variation  ts  and  t<j  of  the  amplifier  with  input  volt¬ 
age  corresponding  to  the  end  of  the  logarithmic  range  as 


compared  with  the  tgnn  and  t^  pin  when  the  amplifier 
amplifies  small  signals  and  operates  in  linear  conditions. 

Table  .1  _ _ _ 


n 

.1 

2 

*Z; 

4 

i 

5 

ts  log 

r*  **  w  md'WWtW  w*  r'Jt 

tg  im 

0*177 

;  ■ 

i  i 

0.119 

0.09? 

| 

0.084 

0.0835 

t'd  log 

td  l  in 

i 

0.24 

0.154 

:  0.11? 

0,098  ! 

0.09 

-i-. 

Table  1  shows  that  with  -n  ^s5  the  values  t  and  & 
remain  practically  constant. 

The  relative  droop  of  the  pulse  flat  top  at  the 
output  of  the  n-caecade  logarithmic  video  amplifier  ie 
equal  to 

*  i»fi 

A&  A  sm {  1  0  ) 

iserl  quZT  V 

in  which  out  is  the  component  of  the  general  relative 


.droop  determined  by  the  droop  formed  in  the  i  cascade. 

The  expressions  for  /li  out,  will  differ  with  the 
operation  of  nonlinear  cascades'  In  differing  conditions. 
It  is  readily  shown  that  with  the  operation  of  nonlinear 


cascades 


(a)  In  linear  conditions 


Am***  —1—1  \ 
ainX  -f  ! 

(b)  in  logarithmic  conditions 

£)  *•  *  *4"  i) a ii 

~~  ^-1— - 


(c)  in  quss.il  Inear  conditions 

A' 

A  _  (aln-TjW  +  <  (13) 

)RHS  =  ■  ’ 

in  which  X  =  Uln/Uln  ^  is  the  relative  voltage  at  the 

i 

•input,  of  the  n~ cascade  video  amplifier;  U,  j,  is  the 
input  voltage  at  which  the  LAG  of  the  video  amplifier  beg 
ins;  n  -  is  the  number  of  nonlinear  cascades. 

In  the  n~ cascade  video  amplifier  for  the  i  non- 


x inear 


cascade  the  expression  (11)  Is  correct  in  case 


1  <gTX  the  expression  (12)  in  ease  s£- 

D;n~^+1»  the  expression  (13)  in  case  ^  ^  X  D i . 

If  in  the  expressions  (11)  to  ( 1 3 5  instead  of 
A1*  A&1  Alii  we  substitute  fIX  and  PIII?  we 


4* 


derive  the  new  values 


Cc  A,  *  „  -J 

----- -  that  do  I 


x  out  Ai  out 

tp 

not  depend  on  the  elements  Cc  and  Ka  of  the  nonlinear  aep 
cades  and  pulse  duration  tu.  At  the  same  time  for  the  n~ 
cascade  video  amplifier  is  fulfilled  the  equation 


t&i 

Shown  in  Fig. 10  are  the  dependencies  ^0(X)  for  the  five- 
cascade  logarithmic  video  amplifier  for  a  =  1  and  a  =  0.434. 
The  most  probable  case  Dj  =  hi  =  10  is  taken  in  calculat¬ 
ing  the  dependencies  ^0{X).,The  curves  of  Fig. 10  make  it 


possible  to  determine  the  relative  droop  of  the  pulse 
flat  top  at  the  output  of  the  five-cascade  amplifier, 
taking  logarithms  according  to  the  law  of  the  natural 
and  the  decimal  logarithm  in  the  range  D  ~  100  db,  with 
anij values  of  Ra,Cc,tp  and  -5--  =  0.02.  So,  for  example, 
for  the  end  of  the  logarithmic ' range  of  the  amplifier- 
{X  —  10"5)  with  a  =  1,  Ra.  =  2  kohm;  Cc  =  0.1  microfarad 

and  tu  =  1  microsecond),  we  derive  /V,  =  2.7  %,  which 

4- 


245 


is  54  times  greater  than  the  relative  droop  of  the  linear""} 
■fiv e-caecmcie  amplifier  with  the  same  values  of  Re»C0»Ee 
and  tu* 

In  the  case  of  an  ideal  pulse's  action,  without  back 
overshooting,  at  the  input  of  an  jn- cascade  logarithmic 
video  amplifier,  the  relative  overshooting  at  the  output 
of  the  video  amplifier  will  be  equal  to 

^  dltm,  .  •  04) 

in  which  dj  ou*  is  the -component  of  the  general  relative 
overshooting  determined  by  the  overshooting  formed  in  the 
i-  nonlinear  cascade. 

It  is  essential  to  note  that  formulas  (10)  and 
04)  are  correct  in  case  Aj  out  ^  ( 10  10  *5)  artd  di  out 
^ (10  to  15)  %.  '  ■ 

The  parasitic  back  overshootings  that  are  formed  in 

nonlinear  c a. s cades  are  substantially  less  than  tne  signal. 
Consequently,  whereas  the  signal  is  amplified  according  to 
the  logarithmic  law,  the  back  overshootings  are  amplified 
according  to  linear  law.  Conformity  to  this  principle  det¬ 
ermines  the  drastic  rise  of  the  added  sums  (  14  )  with 
signal  rise  at  the  amplifier  input#  Calculations  arc;  expe.  ~ 
iment  have  shown  that  in  case  t  :  I  microsecond,  rig  — 
kohm  and  Cc  =0.1  microfarad,  the  relative  overshooting  is 
+• 
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increased  to  60  %  by  the  end  of  the  logarithmic  rang®  ~~\ 
of  70  db  (  with  a  =  1)  at  the  output  of  the  video  ampli¬ 
fier  consisting  of  nonlinear  cascades,  the  equivalent  cir¬ 
cuit  of  which  is  pictured  in  Fig. 1 . 

The  characteristic  of  the  logarithmic  video  amplif¬ 
ier  to  emphasize  back  over shoo tings  is  manifested  also  in 
the  case  when  parasitic  back  overshootings  are  not  formed 
in  the  video  amplifier  itself  (  the  ideal  video  amplifier), 
and  real  pulses  with  negligible  back  overshooting  enter 
its  input. 

Calculations  and  experiment  show  that  in  case  of 
taking  logarithms  according  to  the  natural  logarithm  law, 
the  relative  over shooting  at  the  output  of  the  ideal  video 
amplifier  at  the  end  of  the  70  db  logarithmic  range  is 
equal  to  d0  =  10  when  the  relative  overshooting  at  the 
input  is  dln  sr  0.01  %,  that  dc  =■  32  %  in  case  =  0,  \% 

and  d0  -  54  %  in  case  din  -  1  With  increase  of  the 
basis  of  taking  logarithms  (  reduction  of  a  )  the  value 
increases. 

In  this  way  with  growth  of  input  voltage,  the  pulse 

logarithmic 

set  up  time  at  the  output  of  an  n»cascade7video  amplifier 
consisting  of  amplifying  cascades  with  nonlinear  elements 
in  the  anode  circuit,  is  drastically  reduced  while  the 
droop  of  the  pulse  flat  top  and  parasitic  back  overshooting 

m 
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^.drastically  increase.  ^ 

If  the  logarithmic  video  amplifierTpr seeded  by  a 
linear  amplification  channel,  then  for  reduction  of  the 
pulse  flat  top  droop  and  the  parasitic  overshooting  at 
the  output  of  the  logarithmic  video  amplifier,  it  4. s 
necessary  to  adopt  measures  for  reduction  of  tne  uroop 
and  back  overshooting  of  the  video  amplifier’s  nonlinear 
cascades  as  well  as  in  tne  channel  connected  ahead  of 
the  logarithmic  video  amplifier. 

If  the  nonlinear  element  shunting  the  anode  load  of 
the  cascade  is  connected  before  the  Intermediate  capaci¬ 
tance  Cc,  the  droop  of  the  pulse  flat  top  and  parasitic 
bach  overshooting  are  reduced  considerably.  In  the  given 
case  with  fulfillment  of  the  inequation  R0 ^  Ra  the  val¬ 
ues  /\r0nl  an£^  ^nonl  ^or  the  nonlinear  cascade  are  equal 
to  the  values  Z\ i  * n  and  d-^n  for  the  linear  cascade.  All 
the  formulas  derived  earlier  for  the  n-cascade  logarithmic 


video  amplifier  are  correct  also  with  connection  of  non¬ 
linear  elements  before  the  intermediate  capacitance. 

It  is  thus  essential  in  designing  n-cascade  logar¬ 
ithmic  video  amplifiers  that  nonlinear  elements  be  con¬ 
nected  before  intermediate  capacitances. 

All  the  theoretical  theses  expounded  in  the  article 


have  been  verified  by  experiment. 

4- 


248 


t  set  up  time 
t'3  t  delay  time 

tH  t  pulse  duration  ,  also  uses  tu 


J 


249 


t 


CS0;4341-N/RT5 


-i 


Br-lef  Reports 

On  the  Theory  of  the  Frequency  Characteristics 
of  photore  si  stars  and  Lumlnophor s » 

#9 

by  V . A ♦ Ka 1 y  she v 

In  a  number  of  physical  and  technical  devices,  -the 
conversion  takes  place  of  light  pulses  into  current  pulses 
by  means  of  ■- photoresistors  or  the  conversion  of  a  lumino- 
phor’s  radiation  pulses  into  light  pulses  of  luminescence. 
The  dependence  of  the  amplitude  of  oxitput  signals  on  the 
frequency  of  the  primary  is  called  the  frequency  character¬ 
istic.  This  characteristic  can  be  determined/the  properties 
of  the  substance  exposed  to  radiation  as  well  as  by  the 
intensity  of  the  pulses  of  primary  radiation.  Set  forth 
below  is  the  theory  of  the  dependence  of  the  frequency 
characteristic  trend  of  photoconductance  and  luminescence 
on  the  character  of  the  electronic  processes  that  take 
place  in  a  photoresistor  or  lutainophor. 

Let  us  examine  the  two  simplest  lavrn  of  recombinat¬ 
ion  —  the  linear  and  the  quadratic.  For  the  case  of  the 
Quadratic  law  of -recombination,  a  kinetic  equation  for  _i 
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concentration  of  n  carriers  of  current  can  be  reached 


N  —  an" 


in  which  K  is  the  number  of  current  carriers  formed 
every  second  per  unit  of  volume  on  account  of  primary 

«  t 

radiation;  <X  is  the  probability  of  recombination  of  a 
current  carrier  with,  one  of  the  recombination  centers 
per  unit  of  time* 

In  case- of  irradiation  with,  square  form  pulses 
the  value  N  is  constant  in  time*  With  the  initial  con¬ 
dition  t  =  0,  n  »  nD  the  solution  of  equation  (?)  has 


the-  form; 


nr 


I  +  ft( 


ih  [1 


and  characterizes  the  law  of  the  growth  of  photoconduc¬ 
tance  in  time.  If  the  recombination  of  current  carriers 
is  accompanied  by  luminescence,  then  the  value 
gives  .the  law  of  luminescence  variation. 

To  determine  the  law  of  the  droop  of  photo conduc¬ 
tance  and  luminescence  after  termination  of  the  radia¬ 
tion  pulse,  the  equation  (1)  should  be  solved,  after  having 
put  N  =  0  in  it  with  initial  conditions  t  =  0,  n  =  . 

This  solution  has  the  form; 
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n 


n, 


■  V  t  +anj  '  '  '  .;'($);■ 

But  if  it  Is  assumed  that  the  recombination  follows 
the  linear  law,  then  the  kinetic  equation  assumes  the  form*. 


djt 

di 


N  —pn  , 


(4) 


in  which  £  is  the  probability  of  the  recombination 
of  a  single  current  carrier  in  a  unit  oi  txme.  If  vhe 
recombination  is  accompanied  by  luminescence,  then  fyn 
shows  the  number  of  acts  of  luminescence  per  unit  of  time. 
The  solution  of  equation  (4)  gives  the  law  of  the  growth 
of  photo conductance  in  the  form: 

)  4  n*e  ^ (5) 

and  the  law  of  droop  in  the  forms 

n  ®  .  (6) 

It  is  evident  that  in  this  case  the  variations 
of  photoconductivity  and  luminescence  in  time  are  subject 
to  an  identical  conformity  to  principle. 

Assuming  that  the  irradiation  Is  conaucted  continu¬ 
ously  with  arriving  pulses  of  square  form  with  fill  factor 
Y  and  period  T,  then  from  (2)  and  (3)  we  derives 
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th  ft  7  |  N 

MMXWWM*.  -**»  yg£ZL~>  ,J  1  -  w-^'.x.^'.ru "  'rtr-  .  ,.-  .  >  , 

1  -h  «o  |/  -|r  th  1  t  7 


•  ~~  i  -fas,  ro  —  *)  '  tb; 

From  (7)  and  (8)  can  be  determined  the  magnitude  A  =  n j  — n0 f 
proportional  to  the  amplitude  of  photoelectric  current 


pulses 


t  (i  -  t)  V~W i  th  [t  r  ]/h  g  3 
r  (i  -  t)  yTTT -f  th  h  t  V~&T\ 


For  the  second  recombination  mechanism  being  exam' 


lned,  from  expressions  (5)  and  (6)  can  be  derived 

A_  N  (  1  -  _  ,~PtH 

*  r^rpjr — — • 


do) 


From  the  expressions  (7)  and  (8),  the  correlation 
can  be  derived  that  determines  the  amplitude  of  luminescence 


pulses  in  case  of  the  first  (quadratic)  recombination  mech- 

(it  .*  —  %*)  =  > 

an  ism  _ _ _ _ . _ _ 

_»Vlhf  t  T  \TfiT< a  )  |4  4  *  AT(!  -  #  Pj  +  4(1  — t)  Tynf~  j 

f  (1  -  t)  r  /1TV4-  th  (jt  vmr)  p  *  W 

B=zWirr {\  -  t)Tti»%! iT  V7f~*]  • 

In.  case  of  the  second  mechanism  <£>  ~  f^A,  where  A  is 
determined  by  expression  (10). 

In  the  majority  of  cases  ^  Then  the  expression 

(9)  assumes  the  form:  - 

4- 


253 


,/~N 

Y  ~T'  * 
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1  4-  xVn 


(JL) 

V  JC  / 


in  which  x 


2 

*f*t  to*  (W  < 

TfTf 


a  magnitude  proportional  to  the 


requency  of  the  radiation  signals. 

Besides  (10)  can  be  written  in  the  form: 


M 


7> 


P  !  4-  <*“7y 


(13) 


in  which  y 
form : 

0»  5=  M 


and  the  expression  (11)  assumes  the 


ffi  ■ " 

JL 


thS/*  (  ~~r  )  \/V+  4x*)  th 

tJU 

\  X  J 

^  ~f"  4tX 

|  1  -f  x  th  | 

hH 

% 

(1A) 


The  dependencies  (12), (13)  and  (1 4) characterise 
the  frequency  characteristics  of  photoconductance  and 
luminescence.  Represented  in  fig. 1  are  graphs  of  the 
dependencies  of  the  relative  amplitudes  of  output' 
pulses  (A/WNT  A  p/N;  f»/K)  on  values  proportional  to  the 
frequency,  of  the  primary  radiation  (  x  or  y).  These  graphs 
are  in  essence  the  generalised  frequency  characteristics 
of  the  photoresistors  and  luminophors. 

From  correlation  (13),  it  follows  that  with  variat¬ 
ion  of  radiation  intensity  (  proportional  for  linear  light 
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characteristic  value  N) ,  the  relative  frequency  character^! 
istic  does  not  change  its  fora  in  case  of  the  second  recom¬ 
bination  mechanism.  Since  at  the  same  time  photoconductance 
and  luminescence  have  identical  time  run  and  identical 
generalized  frequency  characteristics,  the  property  mention¬ 
ed  relates  to  both  phenomena. 


Fig  t 

In  the  case  of  the  first  recombination  mechanism, 
as  follows  from  expressions  (12)  and  (14),  the  steep  slope 
of  the  relative  frequency  characteristic  of  photo conductance 
and  luminescence  is  reduced  with  growth  of  radiation  inten¬ 
sity,  whereupon  the  increase  of  intensity  corresponds  k 
times  to  the  same  increase  of  relative  amplitude,  as  an 
vHT  times  frequency  reduction. 

The  mentioned  properties  of  the  frequency  character¬ 
istics  can  be  put  at  the  basis  of  an  experimental  method 
of  determining  the  recombination  mechanism  active  in 
Jhe  substance.  • 


+•  From  correlations  {12),  (13)  end  ( '^)  ^  follows 

characteristics 

that  at  high  frequencies  the  generalised  frequency/':  of 
photo re  slaters  and  lumlnophors  for  both  mechanisms  of 
recombination  are  Identical  and  subjected  to  the  law  of 
inverse  proportionality. 

4  ,  rougnly 

Fig.  1  makes  it  possible  to  judge/about  the  mechan¬ 
ism  of  the  recombinations  occurring  in  the  substance  from 
the  form  of  the  frequency  characteristic  of.  photoresistors. 
A  law  of  luminous  flux  modulation  differing  from  rectangular 
modulation  can  be  used  in  taking  the  frequency  characteris¬ 
tic.  There  is  no  doubt  that  the  singularities  of  the  free- 
uencJTr  that  distinguish  one  law  of  recombination  from 
another, are  in  some  degree  preserved  also  with  other  types 
of  modulation.  The  frequency  characteristics  of  industrial 
models  of  photoresistors  C  1  7*  which  were  taken  under  the 
luminous  flux  modulation  law,  distinguished  from  the  square 

law,  in  our  opinion,  therefore,  show  that  monopolar  recom- 
{  at  20°  C) 

'  bination  ocouraTIn  lead  sulfite  photoresistors  (FS-A1 )  and 
bipolar  recombination  occurs  in  cadmium  sulfite  photc= 


resistors  (FS-Kl ) . 

It  should  be  noted  that  with  the  mechanisms  of 
recombination  examined,  the  frequency  characteristics  der¬ 
ived  in  this  study  are  correct  in  the  first  approximation 
both  for  the  conductivity  excited  in  the  substance  by  the  _| 
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pulses  of  electrons  bombarding  the  substance  (cathode 
conductance)  as  well  as  for  the  cathode  luminescence. 

The  applicability  of  the  derived  correlations  in  these 
cases  1b  the  more  accurate,  the  less  the  Intensity  of 
primary  radiation  is  and  the  greater  the  energy  of  the 
electrons  bombarding  the  substance. 
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•  Brief  Re-ports 

Problem  of  Similarity  of  Devices  Based  cm  the 
Faraday  and  Kali  Effects 
#  to 

by  Ye.T.Skorik 

Devices  employing  ferrites  have  recently  found  wide 

super 

application  in  the  range  of/high  frequencies.  Of  greatest 
practical  and  theoretical  interest  at  the  same  time  is  the 
use  of  the  irreversible  properties  of  ferrites  at  super  - 
high  frequencies,  since  a  passive  waveguide  medium  that 
does  not  satisfy  the  reciprocity  principle  has  not  been  met 
previously  in  communication  engineering.  Along  with  the  ir¬ 
reversible  properties,  the  reversible  properties  of  ferrites 
are  also  used  for  the  creation  of  new  types  of  modulators, 
attenuators  and  phase  Inverters  regulated  by  magnetic  field. 

Frequently  utilized  In  ferrite  devices  of  the  super 
high  frequency  range  is  the  Faraday  effect  which  in  this 
case  is  manifested  in  turning  of  the  electromagnetic  wave's 
plane  of  polarization  during  its  passage  through  a  longitu¬ 
dinally  magnetized  ferrite.  The  low  frequency  limit  of  the 
application  of  such  devices  is,  therefore,  limited  by  the 
frequencies  at  which  the  waveguide  methods  of  transmitting 


electromagnetic  energy  can  still  be  applied.  * 

The  new  semiconductor  materials  with  high  carrier 
mobility,  recently  proposed,  open  up  the  possibility  for 
wide  technical  application  of  galvanomagnetie  effects  in 
semiconductors,  the  Hall  effect  in  particular.  The  Hall 
effect  consists  in  the  appearance  of  an  alternate  dif¬ 
ference  of  potentials  in  the  specimen  with  current  because 
of  the  deviation  of  charge  carriers  when  the  specimen  is 
placed  perpendicular  to  the  magnetic  field  current.  On 
the  basis  of  the  Hall  effect,  devices  can  be  designed  that 
operate  in  a  wide  range  of  frequencies  (  from  low  to  super 
high  frequencies),  devices  which  in  purpose  and  their  pro¬ 
perties  very  much  resemble  devices  of  the  super  high  fre¬ 
quency  range  using  the  Faraday- effect. Of  interest  is  a 
generalization  of  the  data  available  In  the  literature 
from  the  viewpoint  of  drawing  an  analogy  between  the  groups 
of  devices  based  on  the  Faraday  and  Hall  effects. 

The  basis  of  all  devices  violating  the  reciprocity 
principle  is  the  gyrator-linear  quadripole,  In  which  with 
the  passage  of  a  signal  in  one  direction,  a  phase  shift  is 
formed  different  by  it  from  the  phase  shift  in  the  other 
direction/’  \J»  The  gyrator  based  on  the  Faraday  effect 
has  been  described  in  many  works,  in  J  in  particular. 
Shown  in  Fig.  1,4.  is  a  sketch  of  a  gyrator  using  the  Faraday 
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8.  -  ferrite 
B  -  germanium 
'§  -  output 
d  -  Input 

effect.  With  passage  of  the  signal  from  channel  1  in  the 
presence  of  a  longitudinal  magnetic  field  sufficient  for 
slewing  by  90°  the  polarization  plane,  the  signal  from 
channel  2  emerges  with  the  orientation  of  vector  E  indica¬ 
ted  in  the  drawing,  'With  back  passage  of  the  signal  from  2 
to  1,  the  orientation  of  vector  E  at  the  output  is  changed 
in  reverse,  which  is  equivalent  to  a  phase  shift  by  it  . 

It  has  been  demonstrated  in  J  that  the  Hall 
e.m.f .  pickup  unit  is  also  a  gyrator  (Pig, ?,b).  Actually, 
with  current  at  the  1  -  2  input  circuit  of  the  direction 
indicated  In  the  drawing,  the  direction  of  the  current  ap¬ 
pearing  in  the  3  -  4  output  circuit  is,  owing  to  the  Hall 
effect,  determined  according  to  the  known  “left  hand"  rule 
with  passage  of  current  of  the  same  direction  in  the  3  -  4 


I 

f  circuit,  the  current  in  1  -  2  circuit  changes  its  direction 
to  the  opposite.  Such  a  gvrator  is  sufficiently  wideband,  _ 
since  its  irreversible  properties  are  violated  only  in  the 
frequencies  at  which  the  capacitance  current  becomes  com¬ 
parable  with  the  conductance  current,  which  for  germanium 
corresponds  to  a  frequency  of  about  101C  cycles  per  second. 

On  the  basis  of  the  gyr a tor  it  is  quite  simple  to 
design  a  device  called  an  insulator  or  valve/*  1, 3 J* 

*  -  *f„ 

The  sketch  of  a  waveguide  design  insulator  on  the 
basis  of  the  Faraday  effect  is  shown  in  Fig. 2 Characteris¬ 
tic  in  such  a  construction  is  the  turning  b f  45°  of  the  po¬ 
larization  plane  of  the  wave  passing  through'  the  ferrite 
and  the  presence  of  absorbing  loads  for  absorption  of  the 
waves  of  perpendicular  polarization. 


Fig. 2 

The  addition  of  two  matching  resistances  to  the  gy- 
ratcr  device  based  on  the  Hall  effect  converts  the  device 
into  a  valve,  since  the  signals  passing  in  back  direction 
through  the  gyrator  and  thro  ugh  resistances  R^Rp  are. 


fin  case  of  their  identical  amplitude,  mutually  destroyed 
In  consequence  of  phase  opposition.  According  to  the  data 
cited  in  £  2  Jt  such  an  insulator  had  a  ratio  of  losses 
reaching  60  db  in  case  of  transmission  in  two  opposite 
directions,  which  makes  the  device  extremely  useful  in 
communication  engineering. 

A  gyrator  using  the  Hall  effect  can  be  converted 
to  an  insulator  by  another  method,  and  namely  by  the  dis¬ 
placement  of  outputs  1  -  2  and  3  -  4,  as  is  shown  in  Fig. 

2 , c .  In  this  way  with  a  definite  value  of  magnetic  field, 
a  large  attenuation  in  the  opposite  direction  can  be  obtain¬ 
ed  owing  to  the  phase  opposition  of  signals  being  formed 
under  the  Kali  effect  and  with  the  voltage  drop  at  the 
resistances  of  the  pickup  between  equipotential  planes. 

If  a  low  frequency  current  is  passed  through  a  con¬ 
trol  coil  in  a  waveguide  device  with  longitudinally  mag¬ 
netized  ferrite,  the  high  frequency  signal  at  the  device’s 
output  will  be  changed  in  accordance  with  the  low  frequency 
signal.  We  thus  receive  a  convenient  form  of  amplitude 
modulation.  It  can  be  demonstrated  that  in  the  device  pic¬ 
tured  schematically . In  Fig. 3,  a,  at  the  output  can  be  deve¬ 
loped  a  signal  either  with  ordinary  amplitude  modulation 
of  with  amplitude  modulation  without  a  carrier,  since  in 

principle  with  the  turning  of  the  output  waveguide  flange  J 

4- 
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f In  the  polarization  plane  by  90°  with  respect  to  the  input, 
the  device  allows  for  developing  balanced  modulation. 


A  similar  balanced  modulator  based  on. the  Kail  effect 
is.  shown  in  Fig,  3,b.  ,  If  the  semiconductor  material  of  the 
pickup  has  an  appreciable  effect  of  resistance  change  in 
the  magnetic  field,  then  the  ordinary  amplitude  modulated 
signal  can  be  received  in  resistance  connected  in  series 
with  the  pickup.  Restoration  of  the  carrier  in  the  above-, 
described  balanced  modulators  can  be  accomplished  either 
by  feeding  a  constant  component  to  the  control  winding, 
or  correspondingly  by  shifting  the  output  flange  3--to  a 
certain  angle  (  Fig, 3, a)  or  by  the  displacement  of  Hall 
contacts  3-4  with  a  single  equipotential  plane  (Fig.  2, c). 

What  is  common  in  the  devices  based  respectively  on 
the  Faraday  or  the  Hall  effect  is  that  the  control  of 
their  operation  is  realized  by  means  of  the  magnetic  field. 

It  is  not  possible  to  represent  and  analyse  the  operation  „! 
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•j*of  these  devices  by  means  of  a  planar  equivalent  circuit. 
The  latter  is  sufficiently  obvious  for  the  case  of  the 
Faraday  effect,  because  at  the  same  time  the  turning  of 
the  polarisation  plane  is  observed.  The  Hall  e.m.f.  plck- 
up  is  a  new  element  of  electrical  circuit  and  its  equiva¬ 
lent  circuit  substitution  has  not  been  fully  developed  at 
present. 

Notwithstanding  many  common  features,  the  mechanisms 
of  the  Faraday  effect  in  ferrites  and  the  Hall  effect  in 
semiconductors  are  known  to  be  substantially  different. 

If  In  the  former,  the  magnetic  field  Interacts  with  the 
spin  of  the  electron,  then  In  the  latter,  the  magnetic 
field  acts  on  the  movement  of  free  carriers  of  charges 
(  electrons  or  holes) .  The  devices  on  the  Faraday  effect, 
therefore,  have  virtually  no  noises,  whereas  with  the  Hall 
effect  noises  have  to  be  taken  Into  account.  The  devices 
on  the  Hall  effect  can,  moreover,  be  considered  linear  in 
wider  limits  of  variation  of  input  values.  On  the  basis 
of  the  Hall  effect  can  be  designed  also  such  devices  as 
detectors  (  linear  and  quadratic),  amplifiers 
and  generators  /~4,5„7«  The  detectors,  amplifiers  and 
generators  of  the  super  high  frequency  range,  using  fer- 
fites,  are  built  on  quite  different  principles  and  do  not 

have  common  features  with  the  semiconductor  devices  on  the 

+■ 


t"Hall  effect. 

We  note  in  conclusion  that  the  Hall  effect  in  semi¬ 
conductors  (  for  example,  In  germanium)  can  be  used  in 
super  high  frequencies,  in  particular  for  turning  the 
polarization  plane  in  a  waveguide  £" 6 J  and  for  the 
construction  of  attenuators. 

Bibliography 

t.  Pox  A.JD. ,  Miller  S.E.,  Weis  K.T.  Properties  of 
Ferrites  and  Their  Application  In  the  Super  High  Frequency 
Range,  lad,  Sovetskoye  radio.  1956. 

2.  M*son  W.  {?.,  He  will  W.  H.,  'Wick  R  E.  Hsl  effect  modafaiws  and  gu- 
raiots.  J.  AppS  Phy>.,  IS&1,  n,  -Mi  2.  {65 


3.  Stolyarov  A.K. ,  Icpol>zovanlye  ferrltov  v  volnovod- 
noy  tekhnlke.  (Use  of  Ferrites  in  Waveguide  Technics), 
Slektrosvyaz’ .  1957,  No. 5,  34 

4.  Zhuze  V.P.S  Hegel*  A.R.,  Technical  Application  of 
the  Hall  Effect,  Leningrad  House  of  Scientific-Technical 
Propaganda  and  Institute  of  Semiconductors,  Academy  of 
Sciences  USSR,  1957. 

5.  Bogomolov  V.N.,  Certain  New  Types  of  Devices  in 
Semiconductors,  ZhTF. 1956,  26*  693. 

Pk.v,.Vv'*&  *****  t{ieet  in  •'  .rmpeiatBra 

Recommended  by  the  Chair  of  Theoretical  Bases  of 
Radio  Engineering,  Kiev  Order  of  Lenin  Poly technical 
Institute. 

Fteceived  by  the  Editors  2?  February  1959. 

J 


265 


4- 


CSO;4341~H/FvT5  1 

Brief  Reports 

'  '  Problem  of  the  Characteristics  of _a_Channel 

with  Trono spheric  Dispersion, 

'"#11 

by  R„R.Kraeovskiy 

The  dependence  of  the  amplitude  and  phase  character¬ 
istics  of  a  channel  with  tropospheric  dispersion  on  fre¬ 
quency  Is  of  interest  when  the  passage  of  continuous  and 
pulse  Bignals  through  the  channel  is  examined. 

In  /*”  1  J  an  attempt  wag  made  to  examine  theoretical¬ 
ly  the  structure  of  such  characteristics »  It  was  demonstia— 
ted  that  in  comparison  with  the  signal  at  the  input,  the 
signal  at  the  channel  output  receives  an  additional  modu¬ 
lation  by  certain  random  processes.  The  laws  of  the  dis¬ 
tribution  of  these  processes  were  chosen  in  accordance 
with  numerous  experimental  investigations  in  the  field  of 
tropospheric  dispersion.  The  regions  of  the  power  spectrum 
and  the  phase  characteristics  at  the  channel  output  have 
been  found. 

In  this  work  are  cited  characteristics  plotted 

according  to  experimental  data  £  2  J  and  confirming  the  _{ 
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the  result 8  of  /  1  J* 

It  is  known  that  the  'amplitude  and  phase  character¬ 
istics  of  a  quadripole  can  he  determined  as 


K(P) 


{  S,Q'») 


K  fSZ* tg 


w 

&t  l/w* 


in  which  Si  (  jh.> ) ,  Sg  ( ju>  )  are  the  speetrums  at  the  input 
and  output  of  the  channel* 

To  determine  the  unknown  characteristics  it  is  thus 
necessary  to  derive  the  spectrum  of  a  signal  which  has 
passed  through  the  channel  being  examined. 

A  square  pulse  with  a.  duration  of  approximately  t 
microsecond  is  taken  in  the  capacity  of  such  a  signal/!/. 
Its  form  at  the  channel  input  and  output  is  represented 
in  Fig, 1 » 


Fig. 1 .  Pulses  a  at  channel  input,  pulses  b, e,d,e 
at  the  channel  output. 


The  pulses  were  subjected  to  spectral  analysis. 
All  the  calculations  are  reduced  to  Table  1  and 
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and  pulse  spec trams  plotted  according  to  them  (Pig.  2  }, 
the  channel  amplitude  and  phase  characteristics  (Figs  3 
and  4  respectively)  taking  into  account  the  transmitter 
and  receiver  channels. 


Fig. 3«  Amplitude- frequency 
characteristics  of  channel 


Pig. 4.  Phase-frequency 
characteristic  of  channel 
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In  the  Form  of  Discussion 

On  Rad io  Englne^ring^lsoinyn^ 

(Problem  of  Study  Programs  for  Training 
Radio  Engineers) 

a  is-  ■ 

'  by  Prof.M.S. Reyman,  Doctor  of  Technical  Sciences, 

Head  of  R&dioreceiving  Devices  faculty,  Moscow 
Order  of  Lenin  Aviation  Institute  Imeni  Sergo 
Orzhonikidze. 

Introduction 

The  stitdy  programs  for  training  radio  engineers  lag 
at  present  considerably  behind  the  modern  State  of  radio¬ 
electronics.  Some  of  the  most  important  study  disciplines 
which  have  comparatively  recently  developed  and  have  already 
acquired  or  are  gaining  fundamental  importance  for  the  whole 
field  of  radioelectronics,  are  not  represented  or  inadequ¬ 
ately  represented  in  the  curricula.  At  the  same  time  the 
curricula  suffer  from  multiplicity  of  subject-matter  and 
are  greatly  overloaded  with  many  traditional  courses  which 
might  be  either  consolidated  or  excluded  entirely  from  the 


program. 


The  first  reason  for  a  situation  like  this  is  the 
circumstance  that  historically  the  radio  faculties  were 
separated  from  the  electrical  engineering  faculties,  which 
in  turn,  still  earlier,  were  separated  from; the  faculties 
training  mechanical  engineers.  The  frozen  traces  of  this 
historical  process  to  the  present  time  make  a  substantial 
imprint  on  the  composition  of  disciplines  in  the  study 
program  for  training  radio  engineers. 

The  second  reason  is  the  swift  development  of  'radio 
electronics  itself  and,  moreover,  not  only  in  the  fielde 
of  its  immediate  technical  applications  but  also  in  the 
field  of  its  scientific  foundation. 

The  lagging  of  study  programs  behind  the  modern  level 
of  radio  electronics  development  is  at  present  such  that 
it  can  no  longer  be  radically  corrected  by  the  simple  ad¬ 
dition  of  new  disciplines  but  requires  considerably  more 
profound  changes  touching  upon  the  entire  curriculum  as  a 
whole.  We  therefore  think  it  is  timely  to  raise  the  series 
of  questions  examined  below. 

Discussion,  of  questions  about  revision  of  terminolgy, 
scope  and.  content  of  study  program  disciplines  often  excites 
big  disputes  and  stubborn  resistance,  because  change  of  the 
curricula  upset  a  position  historically  developed  and 

also  the  established  specialization  of  faculties  and  - 
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\ individual  teachers.  Moreover,  since  the  radio  faculties 
enter  in  most  cases  the  composition  of  these  or  those 
polyteehnlc&l ,  power  engineering,  aviation,  electrotechni¬ 
cal  and  other  higher-  schools,  one  sometimes  encounters,  when 
discussing  study  programs,  insufficient  understanding  of 
special  problems  of  radio electronics  on  the  part  of  the 
general  technical  chairs,  the  chairs  of  other  faculties 
and  so  forth,  whose  members  form  the  majority  of  science- 
advisory  groups  in  the  respective  institutes. 

Further,  the  transition  to  a  new  curriculum  requires 
•  that  serious  preparatory  work  be  done  in  revising  subject- 
matter  for  lectures  in  the  new  courses,  setting  up  the  pro- • 
gram,  selection  of  teachers  etc.  All  of  this  cannot,  howe¬ 
ver,  serve  as  an  obstacle  to  raising  ripe  questions. 

general  Problem a 

The  task  of  radio  engineering  faculties  is  to  train 
radio  engineers  of  the  broad  profile,  who  are  quite  famil¬ 
iar  with  all  of  modern  radioelectronics  fundamentals  and 
capable  of  not  only  using  the  modern  high  scientific  level 
of  its  development  in  any  section  of  their  work  but  also 
of  following  its  further  swift  progress  and  participating 
actively  in  it. 

The  introduction  of  narrow  specialties  in  training 

radio  engineers  is  extremely  undesirable  for  two  main  _| 
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reasons ; 

(1)  as  experience- ha e  shown  narrow  specialities 
cannot  be  observed  in  practice  even  with  initial  distri¬ 
bution  and  Job  placement  of  young  specialists; 

(2)  all  branches  of  radioelectronics  continue  to 
develop  so  inter connectedly  and  have  such  a  profound  effect 
on  each  other  that  the  narrow  specialist  in  a  few  years 
often  finds  himself  inadequate  even  in  his  own  narrow 
field. 

The  above  statement  does  not  exclude  conducting  "in 
necessary  cases  a  limited  specialization,  without  touching, 
however,  upon  the  study  of  the  eu^i  oulum's  basic  radio 

engineering  disciplines. 

It  is  on  the  other  hand  necessary  resolutely  to 
protest  study  programs  of  radio  engineers  from  attempts 
at  their  excessive  enlargement  for  the  purpose  of  simul¬ 
taneous  training  of  students  as  mechanical  engineers,  elec¬ 
trical  engineers  and  so  forth.  This  will  inevitably  inflict 
great  damage  on  the  fundamental  radio  engineering  training. 

Life  has  long  since  determined  the  ways  of  utilizing 
specialists  in  factories  and  reserach  institutes  of  the 
radio  engineering  profile.  At  the  present  time  the  idea  a- 
bout  the  need  of  graduating  specialists  for  the  purpose 

of  solving  alone  all  problems  of  the  development  or  _| 

4- 

* '  273 


production  of  radio  equipment,  has  for  a  long  time  been  | 

outmoded .  Mot  single  engineers  but  collective  groups  as 
s.  rule  work  on  these  complex  problems,  in' our  scientific 
research  institutes  and  at  our  factories.  At  the  same  time 
collaboration  occurs  between  radio  engineers,  mecnanlcax 
engineers ,  chemical  engineers,  electrical  engineers,  tech¬ 
nology  engineers  and  others,  each  of  whom  is  well  trained 
and  follows  the  literature  in  his  field. 

Such  collective  works  have  long  since. became  the 
rule  at  our  enterprises, and  only  they  secure  the  rapid  and 
high  grade  solution  of  the.  complex  engineering  tasks  at  the 
modern,  very  high  level  of  science  and  engineering. 

In  examining  the  study  program  disciplines  we  will 
not  discuss  the  general  disciplines  Introduced  in  the  train- 
ing  of  all  specialties,  such  as  the  socialpolitical  disci¬ 
plines,  foreign  language,  physical  training,  economics  and 
industrial  organization,  and  also  questions  of  the  practical 
work  of  students  in  industry  and  in  the  industrial  labora¬ 


tory 


Turning  to  that  part  of  the  study  program  which  is 
aimed  at  the  theoretical  training  of  radio  engineers  espec¬ 


ially,  it  is  essential  to  note  that  the  volume  of  informa¬ 
tion  corresponding  even  to  the  essential  problems  o a  modern 
radioelectronics  alone  is  exceedingly  large.  Attempts  to 


•j- force  it  wholly  Into  study'  programs  are  quite  hopeless. 

In  the  list  of  studies  and  in  the  composition  of  study 
programs  must  be  included,  therefore,  only  that  which  is 
fundamental  for  radioelectronics,  and  the  number  of  courses 
must  be  reduced  to. a  minimum,  notwithstanding  the  objections 
frequently  raised  here. 

Only  such  an  approach  can  make  it  possible,  without 

increasing  the  student  load  in  theoretical  questions,  and 

perhaps,  even  with  some  curtailment  of  it,  to  release,, space 

for  those  disciplines  which  are  as  yet  not  studied  enough 

or  not  studied  at  all,,  but  have  decisive  importance  for 

the 

bringing  training  to""^"' modern  level  of  radioelectronics. 

We  therefore  have  to  examine  not  only  questions  of 
the  expansion  of  certain  disciplines  and  introduction  of 
new  studies,  but  also  questions  about  the  exclusion  or 
combination  of  many  old  traditional  disciplines,  which 
at  present  overload  the  curricula. 

Remarks  on  Separate  Disciplines 

Let  us  turn  to  an  examination  of  the  significance 
and  content  of  separate  branches  of  study  in  the  curriculum. 

The  necessity  of  giving  serious  courses  of  mathema¬ 
tics  and  general  physics,  which  form  the  basis  of  the  maj¬ 
ority  of  further.:  theoretical  and  radioengineering  courses, 
is  beyond  doubt. ,0f  especially  great  importance  is  the  _J 
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course  of  mathematics,  in  which  Inclusion  Is  desirable 
of  the  sections: ( 1 )  introduction  to  analysis, (2)  dif¬ 
ferential  and  integral  calculation  and  ordinary  different¬ 
ial  equations.,  (3)  analytic  geometry  and  differential  geo¬ 
metry,  (4)  vector  analysis  and  matrix  calculation,  (5)  dif¬ 
ferential  equations  in  partial  derivatives  and  integral 
equations  { • including  data  on  special  functions),  (6)  the¬ 
ory  of  probabilities  and  random  processes,  (?■)  Fourier  ser¬ 
ies  and  integrals  and  certain  others. 

On  the  contrary,  the  giving  of  a  .separate  course  of 
theoretical  mechanics  for  training  radio  engineers  Is  opt¬ 
ional  at  present  and  consequently,  also  not  expedient.  The 
essential  data  of  this  course,  comparatively  small  in  vol¬ 
ume',  can  also  be  included  in  the  program,  of  the  general 
physics  course,  in  which  must  also  enter  the  essential 
problems  of  heat  transfer,  the  physics  of  semiconductors, 
brief  exposition  of  piezoelectric  phenomena  and  so  forth. 

The  giving  of  the  traditional  separate  course  of 
chemistry  can  also  be  completely  excluded.  The  comparativ¬ 
ely  li,ttle  data  on  chemistry  which  is  used  in  the  course 
'  but  does  not  enter  the  secondary  school  program,  can  be 
expounded  in  the  course  of  radio  materials. 

Further , the  traditional  practice  of  giving  separate 

courses  on  the  theoretical  bases  of  electrical  engineering 
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f and  theoretical  courses  on  radio  engineering  appears  also 
inexpedient  at  the  present  time,  since  they  duplicate  one 
another  end  certain  other  courses,.  Instead  of  these  two 
courses,  it  is  more  correct  to  give  one  major  course  of  the 
theory  of  electromagnetic  circuits,  including  the  theory 
of  circuits  with  concentrated  and  distributed  constants 
and  the  theory  of  transient  conditions,  and  also  to  give 
an  expanded  course  of  the  theory  of  the  electromagnetic 
field  with  stress  on  questions  of  super  high  -frequency. 

At  the  present  time  problems  of  amplification  and 
detection,  modulation  and  self-oscillation,  are  touched  upon 
very  briefly  in  the  course  on  the  theoretical  bases  of  radio 
engineering.  It  is,  however,  more  expedient  to  expound 
problems  of  detection  and  amplification  of  weak  signals  in 
the  course  on  receiving-amplifying  devices,  problems  of 
power  amplification,  modulation  and  harmonic  ©elf-osclllat- 
ion  in  the  course  on  radio  transmitting  devices,  problems 
of  relaxation  self-oscillation  in  the  course  on  pulse 
devices,  and  finally,  general  problems  of  self-oscillation, 
stability  and  discontinuity,  and  also  problems  of  the  noise¬ 
proof  feature  In  two  new  theoretical  courses  which  will  be 
discussed  below. 

It  is  more  expedient  to  replace  the  course  on  elec¬ 
tronic  and  ionic  devices  now  being  given  by  a  course  „| 


on  vacuum  electronics.  Apart  from  question's  of  the 
old  electronics  of  high  frequencies  (  cathode,  beam  methods, 
grid  control  and  so  forth) ,  it  must  also  include  a  large 
section  on  problems  of  super  high  frequency  electronics 
(electron  guns, questions  of  focusing  electron  guns,  velocity 
modulation,  grouping  of  electrons,  interaction  of  electron 
guns  with  fields  and  waves  etc}  and  certain  problems  of 
ionic  phenomena  and  devices. 

This  course  must  be  mainly  theoretical  (  for  example, 
in  the  super  high  frequency  section,  in  the  spirit  of  the 
book  “Osnovy  eiektrorilki  gverkhv.ysokikh  chastot “(Bases  of 
Super  High  Frequency  Electronics)  by  V.N.Shevchik,  So  vet-' 
Bkoy e  rad lo , 1 959 ) .  Concrete  designs  of  electronic  and  ionic 
devices  can /be  set  forth  in  it  in  detail,  since  it  is  better 
to  examine  generator  tubes  in  more,  detail  in  the  course  on 
radio- transmitting  devices,  receiving-amplifying  tubes  in 
the  course  on  receiving-amplifying  devices,  electron  beam 
and  memory  tubes  in  the  course  on  pulse  devices  etc. ,  in 
close  connection  with  their  concrete  application. 

Apart  from  the  course  of  vacuum  electronics  in  the 
study  programs,  it  Is  essential  to  Introduce  a  new  course 
on  solid  body  electronics  (  or  more  widely  -  quantum  elec¬ 
tronics)  .  This  course  is  very  important  at  the  present  time 

already  and  in  future  its  value  will  be  still  more  enhanced^! 
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t it  must  Include  problems  of  semiconductor  devices,  ferrites, 
paramagnetic  resonance  and  its  utilization,  m&isers  and  so 
forth. 

Further,  the  introduction  of  two  separate  courses  — 
"Theory  of  Signals"  and  "Theory  of  Automatic  Processes"  — 
to  the  list  of  theoretical  studies  is  necessary  at  present. 
These  two  courses  must  expound  (  applicably'  to  radio  elec¬ 
tronics  and  with  application  in  this  field)  tnat  circle  o j 
problems  which  are  at  present  combined  under  the  term  cyber¬ 
netics. 

The  course  on  the  theory  of  signals  must  embrace 
problems  of  the  theory  of  signal  circuits,  including  pro¬ 
blems  of  the  theory  of  information,  the  theory  of  noise¬ 
proof  feature,  the  theory  of  codes,  the  theory  of  discrim¬ 
ination  of  signals  and  so  forth.  In  the  "Theory  of  Automatic 

be 

Processes"  course  muslT" set  forth  from  a  unified  viewpoint 
phenomena  in  systems  that  contain  mijg— 1 x^e  control  circuits 
of  interaction  (  feed  back),  here  belongs  the  exposition 
of  problems  of  automatic  control,  stability  and  instability, 
general  problems  of  self-oscillation,  intermittent  systems 
and  so  forth.  These  two  disciplines  are  the  most  important 
base  for  the  study  of  special  radio  engineering  courses. 

Let  us  now  turn  to  examination  of  general  engineering 
|,nd  special  radio  engineering  disciplines. 


•  Instead  of  the  courses  now  given  separately  on 
the  resistance  of  materials,  machine  parts  and  allowances 
and  fittings,  It  is  expedient  to  have  one  large  cot<3  se 
of  technical  mechanics  which  combines  into  one  whole  the 
essential  problems' of  these  courses. 

Further,  the  giving  of  a  separate  course  on  the 
technology  of  metals  Is  not  expedient  and  the  essential  ' 
data  from  it  must  be  introduced  into  the  composition  of 
the  “Technology  of.  Radio  Equipment"  course. 

Turning,  to  the  radio  materials  course,  it  should  be 
noted  that  as  experience  has  shown  the  radio  materials 
course  separately  given  is  found  to  be  descriptive,  very 
dry,  of  little  interest  and  hard  to  remember  for  students. 

A  great  deal  better  results  are  obtained  with  the  combined 
ex oo sit ion  of  the  problems  of  designing  and  calculating 
radio  carts  arid  the  properties  of  materials  employed  in 
them ‘in  close  connnection  with  the  latter’s  technical 
application.  It  is,  therefore,  expedient  to  combine  these 
courses  into  a  general  course  on  radio  materials  and  parts. 

Further,  the  giving,  of  separate  courses  on  electrical 
measurements,  electrical  machines,  electric  feed  of  radio 
devices  and  so  forth  is  not  justified  at  present.  Instead 
of  them  there  should  be  a  s.tng.le  course  of  the  electro¬ 
technical  devices  of  radio  systems,  in  which  must  enter  -1 
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fall  problems  of  the  electric  power  supply  of  radio 
devices  together  with  problems  of  electric  measurements, 
and  also  problems  of  calculation  of  transformers,  includ¬ 
ing  pulse  and  sound  frequency,  chokes  with  magnetic  cores, 
magnetic  amplifiers  and  so  forth. 

Turning  to  the  special  radio  engineering  courses, 
the  need  should  be  stressed  of  preserving  and  enlarging 
somewhat  the  volume  of  the  courses  on  radio  transmitting 
devices,  receiving  amplifying  devices,  antenna- feeder 
devices  and  pulse  devices.  The  course  on  antenna-feeder 
devices,  which  at  present  is  given  in  a  scope  obviously 
inadequate  for  modern  electronics,  especially  is  in  need 
of  considerable  enlargement.  In  this  course  the  sections  • 
on  waveguides  and  feeder  systems,  connected  with  a  very 
wide  circle  of  radio  devices,  require?  the  greatest  en¬ 
largement  of  volume. 

On.  the  contrary,  the  course  of  radio  measurements 
and  the  radio  wave  propagation  course  given  at  present 
can  be  expediently  dispensed  with,  in  our  opinion* 

As  a  matter  of  fact,  the  methods  of  radio  technical 

measurements  embrace  and  utilise  almost  all  phenomena  and 

almost  all  types  of  radio  electronic  devices.  The  course 

of  radio  measurements  of  necessity,  therefore,  repeats  to 

a  very  considerable  extent  the  subject  matter  relating  to 
4» 
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^  the  subjects  of  all  other  radio  engineering  studies,  1 

which  leads  to  inevitable  duplication.  It  is  thus  exped¬ 
ient  to  exclude  this  course,  after  having  distributed  the 
necessary  data  in  other  courses  both  In  their  lecture  and 
laboratory  parts  (  for  instance,  problems  of  antenna  meas¬ 
urement  to  se  t  f ortfi  in  the  course  on  antenna-feeder  devices 
and  so  forth). 


Further,  it  is  also  expedient  to  exclude  as  a  sepa¬ 
rate  branch  of  study,  the  traditional  course  on  propagation 
of  radio  waves.  It  Includes  in  itself,  on  the  one  hand, 
general  questions  of  radio  wave  propagation  which  are 
more  conveniently  given  in  the  course  on  the  theory  of  the 
electromagnetic  field,  and  general  questions  of  radio  wave 
propagation  in  ionised  media, which  naturally  refer  to  the 
course  of  vacuum  electronics. 

On  the  other  hand,  the  radio  wave  propagation  course 
includes  a  number  of  special  problems  which  are  more  proper¬ 
ly  given  in  the  course  on  the  theory  of  radio  systems,  where 
they  can  be  closely  connected  with  the  technical  calculat¬ 


ion  and  use  of  corresponding  phenomena. 

On  the  question  of  the  theory  of  radio  systems . course, 
it  is  necessary  to  dwell  somewhat  more  In  detail. 

Under  the  theory  of  radio  systems  we  imply  the 

branch  of  study  that  gives  and  substantiates  methods  of  _\ 

•4. 


f  calculation  o:r  selection  of  the  optimal  structure  of 
a  functional  circuit  and  parameters  of  elements  of  a  radio 
system  designed  for  the  performance  of  this  or  that  task 
of  radio  location,  radio  navigation,  radiometric  or  other 
similar  character.  Besides  under  radio  system  elements  are 
implied  transmitters,  antennas,  receivers,  devices  for 
processing  information  and  other  devices  entering  a 
functional  circuit. 

The  .task  of  the  theory  of  radio  systems  Is  the 
substantiation  of  the  selection  of  the  necessary  volume  • 
of  information  per  unit-  of  time,  the  necessary  system 
potential,  optimal  wave  lengths,  methods  of  coding,  methods 
of  modulation  and  demodulation,  powers  and  sensitivities, 
dlrectedness  of  antennas  end  polarization  of  waves,  me¬ 
thods  of  integration  of  signals  and  so.  forth.  At  the  same 
time,  serious  consideration  must  also  be  given  to  problems 
of  the  reliability,  operational  quality,  accuracy,  noise¬ 
proof  feature,  mobility,  cost  and  so  forth. 

These  questions  have  immense  importance  for  modern 
radioelectronics,  especially  in  connection  with  the  devel¬ 
opment  of  systems  of  radio  communication,  radio  control, 
radio  navigation,  radio  location  and  so  forth.  Not  only 
engineers  engaged  in  designing  radio  systems  as  a,  whole 

but  also  the  engineers  who  develop  devices  that  enter  into  _| 
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X  systems  as  their  elements  come  into  close  contact  with 


these  Questions, 

The  theory  of  radio  systems  has  not  yet  been  fully 
formulated  at  the  present  time  and  is  not  given  as  a  sepa¬ 
rate  branch  of  study.  If  Instead  of  a  general  course,  how¬ 


ever,  separate  courses  on  the  bases 
the  bases  of  radio  navigation  and  so 
latter  will  of  necessity  suffer  from 


of  radio  location, 
forth  were  given, 
insufficient  -depth 


the 


and  community  of  initial  viewpoint,  disconnectedness 
non systems tic  exposition  and  parallelism. 


and 


The  urgent  task,  therefore,  is  the  systematization 
of  the  material  available  here  and  its  examination  from 


a  unified  and  sufficiently  profound  viewpoint,  on  the 
basis,  in  particular,  of  the  general  theory  of  signals 
(theory  of  information,  theory  of  discrimination  of  sig¬ 
nals  etc).  The  introduction  of  a  course  on  radio  system 
theory  into  the  curriculum  is,  in  turn,  a  serious  stimulus 


for  acceleration  of  this  work. 

It  is  expedient  to  complete  the  study  program  of 
radio  engineering  disciplines  with  several  small  semester 
or  even  semi  seines  ter  courses,  the  list  of  which,  can  oe 
d rav;n  up  and  modified  by  each  of  the  radio  faculties,  xti 
these  courses  can  be  elucidated  these  and  other  new  pro¬ 
blems,  Important  for  the  given  higher  educational  institu-J 
+• 
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ftion  or  faculty,  and  also  problems  of  narrow  special! 
zation. 


List  of  Study  Branches 

Proceeding  from  the  considerations  set  forth  above, 
we  arrive  at  the  following  rough  list  of  study  branches 
of  the  program  for  training  radio  engineers  (  with  the 
exception  of  the  general  disciplines,  listed  earlier); 


Serial 

Number 


1 


4 

b 

6 

7 

8 


9 
10 
1 1 
12 
13 
t4 

15 

16 

17 

18 
19 


Name  of  Study  Branch 


Scope  in 

provisional 

units 


Theoretical  Studies 

Mathematics 
General  Physics 

Theory  of  electromagnetic  circuits 

Theory  of  electromagnetic  field 

Vacuum  electronics 

Solid  body  electronics 

Theory  of  signals 

Theory  of  automatic  processes 

General  Engineering  and  Radio  Engineer¬ 
ing  Branches  of  Study 


Drafting  and  technical  drawing  J 

Technical  mechanics  2 

Technology  of  radio  equipment  2 

Radio  parts  and  materials  1 

Electrotechnical  devices  of  radio  systems  2 
Radio transmitting  devices  2 

Receiving-amplifying  devices  2 

Antenna- feeder  devices  2 

Pulse  devices  •  2 

Theory  of  radio  systems'  2 

Gourses  on  specialization  and  new  problems  3  to  4 


The  f  I  glares  given  In  the  column  headed  "Scope  I 

in  provisional  units”  roughly  indicates  the  relative  volume 
of  lectures,  laboratory  work  and  exercises.  They  can  also 
be  regarded  as  a  rough  number  of  examinations  in  the  given 
course.  (  with  the  exception  of  trios©  cases  when  no  examina¬ 
tion  is  envisaged  but  a  test,  for  example,  in  the  drafting 
course  and  in  some  narrow  specialization  courses)  and  as 
roughly  the  number  of  semesters  of*  lectures  given  (with 
the  exception  of  the  mathematics  course  which  it  Is  more 


expedient  to  concentrate,  providing  for  two  or  three  exam 
inations  in  the  first  semesters). 

Not  Indicated  in  the  list  given  are  course  pro¬ 


jects  which  might  be  additionally  envisaged  in  certain  of 
the  courses  lumbers  10,11,12,  13, 14, 1 b, 16  and  17  with  a. 


total  number  of  4  to  3,  whereupon  not  more  than  one  course 
project  each  per  semester. 

It  should  be  emphasized  that  the  sequence  of  study 
branches  in  the  list  does  not  correspond  to  their  moat 


expedient  sequence  by  semester.  We  cannot  here  engage  In 
an  examination  of  these  questions. 

We  note  further  that  it, is  expedient  to  strictly 


limit  the  volume  of  laboratory  training  exercises,  since 
at  the  present  time  an  excessive  increase  is  observed  in 
setting  up  too  large  a  number  of  comparatively  monotonous 


f laboratory  assignments,  performance  of  which  overloads 
the  students  and  distracts  their  attention  from  profound 
working  up  of  basic  questions. 

Conclusion 

We  have  had  an  opportunity  to  dwell  only  very  briefly 
on  each  of  the  complex  and  numerous  problems  that  arise  in 
an  attempt  to  examine  the  problem  of  bringing  curricula  In¬ 
to  accord  with  the  modern  level  of  radio  engineering  deve¬ 
lopment,  In  particular,  perhaps,  therefore,  not  all  that 
was  said  will  be  understood  fully  and  accepted  as  an  inev¬ 
itable  consequence  of  the  modern  state  of  the  scientific 
foundation  of  this  field  of  engineering,  and  also  the  trend 
of  Its  further  development.  Perhaps,  additional  discussions 
and  precise  remarks  arc  required,  which  of  -course  must  de¬ 
rive  not  from  subjective  considerations  and  interests,  es¬ 
pecially  in  questions  of  the  elimination  from  study  progr¬ 
ams  of  these  or  those  traditional  branches  of  study,  ques¬ 
tions  which  are  always  painful  and  delicate. 

Work  on  the  revision  of  the  study  programs  is,  how¬ 
ever,  undoubtedly  necessary  as  well  as  the  introduction  of 
a  number  of  serious . changes  which  touch  not  only  the  last 
but  also  the  first  years  of  instruction  and  certain  of  which 
can,  at  first  glance,  seem  controversial  by  virtue  of 
their  novel  and  unusual  character.  -I 
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The  situation  created  at  present  is 
what  is  required  is  no  longer,  additions.. <an 
of  the  curriculum  but  its  radical  revision. 
Received  by  the  Editors  19  May  1959, 


such  that 
correction 
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Defense  of  Dissertations 


Dissertations  in  Candidate  of  Science  Academic 
Degree-  Competl t ion 

fcoscoy.  .Order  of  Lenin  Aviation  .  Institute  I  men! 

Sergo  Or <5 shonikid ze 

Telyatnlkov  L. I. ,  Investigation  of  Spectrues  of 
Amplitude-modulated  Oscillations  with  Additional  Frequency 
or  Phase  Modulation  Present.  Science  Advisor,  Dr. Tech. 


Sciences,  prof 


Key man.  Defense  was  held  9  Kerch  1959 


Official  opponents: Prof, I.S.  Gonorovskiy,  Dr. Tech, Sc. , 
honorary  Worker  of  Science  and  Technology  RSFSR;  Ca.Tech. 
Sc,  Zagoryanekiy. 

A  general  theoretical  investigation  was  made  of  the 
epee try me  of  oscillations  with  modulation  by  one  and  the 
same  signal  in  amplitude  end  frequency*  in  amplitude  and 
phase,  in  amplitude,  frequency  and  phase.  The  epectrims 
were  investigated  for  linear  and  quadratic  modulation 
characteristics  with  modulation  by  a  regular  signal  and 
random,  processes  subject  to  the  normal  law  of  distribution 
Quantitative  ratios  were  derived  for  evaluating  the  effect 
of  parasitic  frequency  or  phase  modulation  on  the  spectrum 
ehf  the  amplitude-modulated  oscillations. 


cm 


t”  A  connection  was  determined  between  the  spectrum 

of  a  frequency-modulated  oscillation  and  the  spectrum  of 
an  oscillation  modulated  simultaneously  In  amplitude  and 
frequency. 

A  method  Is  .proposed  making  it 'possible  to  calcul¬ 
ate  the  modulation  characteristics  of  a  super  high  fre¬ 
quency  trlode  self-oscillator,  taking  into  account  the 
flight  time  of  electrons  both  for  its  modulation  in  ampli¬ 
tude  as  well  as  for  the  parasitic  modulation  in  frequency 
which  penetrates  at  the  same  time. 

The  basic  quantitative  correlations  of  the  general 
theory  of  speotrums  in  case  of  mixed  kinds  of  modulation 
were  verified  experimentally. 

Lecturer  V.T.Frolkin 

Lvov  Poly technical  Institute 

(  Radio  engineering  faculty.) 

Simontov  I.K.,  Problems  of  Raising  Selectivity  of 
Resonance  Systems.  Science  Advisor,  Lecturer  G. A. Shevtsov . 
Defense  was  held  6  March  1958.  Official  opponents:  Dr. Tech. 
Sc.  Prof.  Yu. T. Velichko,  Ga. Tech. Sc.  V.P. Sigorskiy . 

A  new  criterion  of  selectivity  ic  proposed  that 
characterizes  the  capacity  of  a  system  to  suppress  the  noise 
spectrum.  Simple  but  effective  methods  are  proposed  for 
raising  the  selectivity  of  band  resonance  systems.  ~i 


^Amplifiers  are  examined  having  combined  feedback  suit' 
able  for  automatic  control  of  selectivity. 


Radchenko  I. A. ,  Sr&pho&naly tieal  Method  of  Analysis 

and  Calculation  of  a  Detector  Cascade.  Science  advisor 
*  » 

Dr < Tech. Sc.  Prof.  Yu. £. Velichko.  Defense  was  held  13 
November  1958.  Official  opponents?  Prof .V.V.Ggiyevekly , 


Ca. Tech. Sc,  L.Ya. Kizyuk, 

On  the  basis  of  the -general  theory  of* quadripoles, 
a  detailed  grapho analytic  analysis  was  made  of  various 
detector  cascades  and  a  method  for  their  calculation  pro¬ 
posed.  The  known  family  of  the  characteristics  of  rectifi¬ 
cation  of  detectors  1  x  f(U„)  with  Um=  const,  was  sup¬ 
plemented  with  a  second  family  of  characteristics  taken 
witn  constant  amplitude  of  the  first  harmonic  of  input 
current.  This  affords  the  possibility  of  determining 
accurately  the  input  resistance  of  the  detector  both  under 
active  and  under  complex  load. 


Sakharov  T.M. ,  Grapho  analytical  Method  of  Calculat¬ 
ing  the  Frequency  Characteristics  of  Operating  Attenuation 
of  Low  Class  Differential  Filters.  Science  advisor  Br. 
Tech. Sc.  Prof.  Yu ,T. Velichko.  Defense  was  held  13  Novem¬ 
ber  1958.  Official  opponents:  Prof .V.V.Ogiyevskiy ,  Ca. 

Tech. Sc.  lecturer  Ye, F. Zamora, 
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A  -.simple  method  Is  proposed  for  accurate  calcu¬ 
lation  of  the  frequency  characteristics  of  the  operating 
attenuation  of  differential  filters  by  means  of  general¬ 
ized  graphs. 


Cherventeov  V.V. ,  Problems  of  the  Analysis  of 
Multivibrators  in  Junction- type  Semiconductor  Tr lodes. 
Science  advisor  Dr. Tech. Sc.  Prof.  Yu, T. Velichko.  Defense 
was  held  IP  March  1959*  Official  opponents:  Dr. Tech, Sc. 
Prof,  G.Ye.  Bukhov,  Ca. Tech. So.  lecturer  G. A, Shevtsov . 

A  method  is  proposed  for  calculating  the 'basic 
multivibrator  circuits  In  junction- type  semiconductor 
triodes,  An  analysis  was  made  of  transient  conditions 
occurring  In  multivibrators.  An  effective  method  was  deve¬ 
loped  for  stabilization  of  the  multivibrator  frequency  by 
means  of  connecting  an  auxiliary  LC  circuit, 

Nagornyy  L.Ya. ,  Analysis  of  High  Frequency  Amplify¬ 
ing  Circuits  in  Semiconductor  Triodes.  Science  advisor  Ca . 
Tech. Sc.  lecturer  G. A. Shevtsov.  Defense  was  held  12  March 
1959.  Official  opponents!  Dr. Tech. Sc.  Prof .Yu. T. Velichko, 
Ca. Tech. Sc.  Ya.K.Trokhisnenko. 

A  generalized  method  of  junction  voltages  and  cir¬ 
cuit  currents  was  used  for  analysis  of  high  frequency  an-pli 
fying  circuits  in  semiconductor  triodes.  An  Investigation 
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of  the  basic  circuit  parameters  by  means  of  conformal  1 
transformation  is  proposed. 

Lecturer  Ye. F. Zamora. 

Kiev  Order  of  Lenin  Poly technical  Institute 
(Radio  engineering  faculty} 

Lizhdvoy  K,Ya. ,  Experimental  Investigation  of 
of  a  Generator ■  of  a  Nonretard ed.  Revertive  Wave  with 
Transverse  Interaction.  Science  advisor  Prof . fs. I . 

Tetel  *b  aural  Dr. Tech. Sc.,  Corresponding  Member  of  the 
Academy  of  Sciences  Ukraine  SSR.  Defense  was  held 
20  April  1959.  Official  opponents:  Prof , V. V.Ogiyevskiy , 

Ca. Tech. Sc.  Z.I.Taranenko. 

The  findings  are  set  forth  o'f  an  investigation  of 
a  generator  in  which  the  electron  stream  passes  through 
crossed  permanent  electrical  and  magnetic  fields  and 
interacts  with  a  nonretard ed  electromagnetic  wave.  The 
generator  gives  continuous  reconstruction  of  wave  length 
for  8  to  18  cm  with  output  power  of  the  order  of  1  watt. 

The  dependence  of  the  generator  wave  length  on 
the  space  charge  magnitude  was  experimentally  investigated 
The  problem  was  examined  of  transverse  expansion  of  the 
electron  beam  by  space  charge  forces  and  a  formula  was 
developed  for  calculating  the  necessary  compensating  force 

The  findings  of  the  study  were  set  forth  in  the 
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j o urn si  "ftadlotekhnlka  1  elektronlka", 1 959 ,  1,1»120»  ' 

1 959,  J5»2j  212, 

Chzhan  Tsun’-chzhin,  An  Investigation  of  the 
fiequirements  on  Frequency-phase  Characteristics  of  a  Com¬ 
munication  Channel  in  a.  System  of  Optimal  Amplitude-phase 
Modulation,  Science  advisors;  Pro f . fOTfi t el ^ fcauml  , 

Dr. Tech. Sc. ,  Corresponding  Member  of  the  Academy  of 
Sciences*  Ukraine  SSR*  and  Ca, Tech. Sc.  L.V.Ka satkin.  The 
defense  was  held  22  June  1959.  Official  opponents;  Prof. 

V . V, Ogiyevskiy *  Ca , Teen, So .  I . V, Aka lov skiy . 


The  method  of  optimal  amplitude-phase  modulation 

(OAPM)  proposed  by  Prof.  S.I.Titel'baum  in  1938-1939,  make 

it  possible  to  realize  In  practice  the  advantages  of  the 

band 

ordinary  Blngle-T"" transmission,  to  cut  in  half  the  width 
of  spectrum  of  the  signal  studied  as  compared  with  the 
usual  Ml  and  to  secure  nondistorted  reception  by  means  of 


the  usual  receiving  devices*  with  amplitude  detection. 

In  the  dissertation  work  are  determined  permissible 
frequency  and  phase  distortions  in  separate  sections  of 
the  transmission  channel*  permissible  distortions  in  cir¬ 
cuits  of  functional  transformations  under  various  methods 
of  these  transformations  in  CAPh  systems, 

A' new  possibility  is  proposed  for  functional  trans¬ 
formation  in  OAPM  systems  by  means  of  a  device  that 


f  accomplishes  a  turning  by  ir/2  of  the  phase  of  the 
frequency  components  of  the  modulating  program  s  .logarithm. 

The  investigation  of  the  requirements  on  frequency- 
phase  characteristics  of  a  coffimuni cation  channel  in  an 
OAPE  system  showed. the  possibility  of  realizing  the  ad¬ 
vantages  of  the  optimal  modulation  method  without  sub¬ 
stantial  reconstruction  of  the  transmitting  centers  and 
preservation  of  the  stock,  of  receiving  devices  in  oper¬ 


ation  . 


Lecturer  V.P.Taranenko. 
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V.P.Siir.orekiy  ’’hetody  analiza  elektrieheekikh  ekfcera 
e  tnnogppol y  u anyroi  elenientaml*1  ( Method  of  Analysis 
of  Electrical  Circuits  -with  Multipolar  Elements), 
Academy  of  Sciences  Ukraine  SSR  Press, Kiev,  1958, 


402  pages 


ce  13  rubles,  50  kopeks 


Review 


The  booming  development  of  radio  engineering,  auto¬ 
mation,  telemechanics,  measurement  techniques  and  other 
branches  of  science  and  technology  makes  demands  on  effec¬ 
tive  methods  of  analysis  and  synthesis  of  complex  electric¬ 
al  circuits.  The  actuality  of  the  problem  is  confirmed  by 
the  voluminous  literature  on  the  theory  of  electrical  cir¬ 
cuits,  which  has  appeared  in  recent  decades. 

The  book  of  V. P. Sigorskly  is  devoted  to  a  study  of 
the  methods  of  analysis  of  electrical  circuits  with  multi¬ 
polar  elements.  To  such  circuits  belong  all  the  diversity 
of  circuits  encountered  In  modern  radio  engineering,,  which 
is  what  determines  the  exceptional  importance  of  the  theme. 
The  book  consists  of  three  parts.  In  the  first  part  is 
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t"  set  forth  the  theory  of  circuits  with  multipolar  elements, 
worked,  out  by  the  author;  in  the  second ,  its  application, 
and  in  the  third  part,  the  author's  methods  are  compared 
with  other  existing  methods. 

Matrix  algebra  is  widely  used  in  the  book.  The 
author  points  out  the  convenience  of  matrix  calculation 
when  working  on  computers* 

The  first  part  of  the  book  is  the  theoretical  base 
of  the  linear  theory  of  circuits.  The  history  of  the  pro¬ 
blem  is  briefly  expounded  in  the  introduction.  One  can 
agree  with  the  point  that  ''the  theory  of  linear  electri¬ 
cal  circuits  is  gradually  going  beyond  the  framework  of 
a  section  of  theoretical  electrical  engineering  and  is 
acquiring  the  character  of  an  independent  branch"  (Page 


The  theory  of  circuits  is  constructed  on  the  basis 


of  generalization  of  circuit  and  nodal  equations  in  the 


case  when  multipolar  elements  enter  the  circuit  also  along, 
with  passive  and  active  two- terminal  networks.  Besides, 
the  duality  of  the  nodular  and  circuit  equations  is  suc¬ 
cessfully  taken  into  account  and  instead  of  two  dual  sys¬ 
tems  of  equations,  their  generalized  form  is  used. 

Examined  in  detail  are  problems  connected  with 
the  selection  of  a  system  of  reading  variables  (  system 


t of  coordinates),  in  the  capacity  of  which  any  system  of 
circuits,  any  system  of  nodal,  pairs  serves.  The  practical 
value  of  the  canonical  systems  of  coordinates,  when  the 
form  of  equations  of  the  circuit  is  simplified  to  the 
limit, is  emphasized  here.  The  problem  of  transition  from 
one  system  of  coordinates  to  another  is  solved  by  means  of 
linear  transformations.  Other  transformations  are  also 
examined  -  reduction  and  expansion  of  the  coordinate  sys¬ 
tem,  and  also  the  isolation  of  some  hind  of  group  of 
coordinates. 

An  expanded  canonical ■ system  of  coordinates,  in  which 
each  pole  or  external  circuit  of  the  nmlti terminal  network 
is  put  in  an  equal  position,  was  adopted  for  the  descript¬ 
ion  of  multipolar  elements.  This  allows  for  using  the 
matrix  of  a  multipolar  element  as- its  generalized  para¬ 
meter,  which  is  found  extremely  convenient  in  determining 
the  matrix-vector  parameters  of  a  complex  circuit.  The  lat¬ 
ter  problem  is  solved  in  the  general  case  by  means  of  a 
matrix, the  author  developed,  of  connections,  which  com¬ 
bines  in  itself  the  operations  of  addition  and  transforma¬ 
tion  previously  examined.  The  matrix  of  the  system  is- 
determined  through  reducing  the  matrix  parameters  of  the 
elements  to  a  selected  system  of  coordinates  and  their 
subsequent  addition.  The  rule  of  recording  the  circuit  -I 


matrix  in  canonical  systems  of  coordinates  is  found 
especially  simple t  which  is  of  deeieive  importance  in 
application  to  electrical  circuits. 

Typical  for  the  concluding  stage  cf  the  analysis 
determination  of  values  that  characterize  the  circuit, 
the  reduction  of  the  process  of  solving  the  system  of  e 
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quadripole.  In  the  booh  are  developed  correlate 
aoterize  quadripoles  (  transmission  factors  of 
nd  voltage,  input  and  output  resistances  and  so 


I he  important  question  of  electrical  circuit 
theory  on  variation  of  circuit  parameters  is  examined  in 
the  conclusion  of  the  first  part.  After  expounding  the 
Pol Ivanov  theorem  of  variation,  the  author  cites  two 
generalized  theorems  of  variation  he  developed  that  are 
good  for  calculation  of  changes  in  values  characterizing 


the  circuit  with  variation  of  element  parameters.  In  the 
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t*proo:f  of  the  second  generalized  theorem  of  variation 
use  is  made  of  the  author ’ s  theorem  about  the  expansion 
of  the  determinant  of  the  sum  of  two  matrices,  for  which 
a  series  of  other  interesting  applications  in  electrical 
engineering  calculations  is  also  indicated. 

In  the  second  part  is  set  forth  the  application  of 
the  theory  of  circuits-  with  multipolar  elements  to  the 

analysis  of  electrical  circuits.  Here  circuits  are  examin- 

in 

ed  detail  with  ©  large  number  of  well  selected  examples, 

A 

circuits  formed  of  two “terminal  networks,  circuits  with 
mutual  indudtancee  and1 especially  circuits  with  electronic 
tubes  and  semiconductor  triodes.  Canonical  systems  of  co¬ 
ordinates  are  used  for  the  latter,  owing-  to  which  the  pro¬ 
cess  of  analysis  is  greatly  simplified.  It  can  be  stated 
that  the  author's  methods  have  passed  the  matriculation 
examination  in  application  to  electronic  circuits. 

'  The  third  part  is  a  critical  survey  of  other  methods. 
The  author  develops  existing  methods  in  two  groups: (1)  me¬ 
thods  based  on  equivalent  circuits  and  (2)  methods  based 
on  the  splitting  of  a  complex  circuit  into  subcircuits.  In 
the  first  group  is  examined  the  method  of  equivalent  eir» 
cults,  the  method  of  convolution,  the  method  of  orienting 
graphs,  and  also  the  use  of  ideal  multi terminal  networks 
(the  ideal  power ‘transformer,  gyrator) ,  In  the  other  group- 


f  is  examined  the  method  of  the  jsultiterminal  network  and 
the  quadripole,  and  also  the  method  of  sub circuits.  The 
author  shows  the  advantages  of  the  generalized  methods 
he  has  developed  over  other  methods  and  also  indicates 
clearly  the  rational  field  for  application  of  each  of  the 
m  e  tho  d  s  ex  am ined, 

■  The  matrix- tensor  method  of  Kron,  which  for  more 
than  two  decades  has  been  acclaimed  the  highest  achieve- 
ment  of  modern  electrical  engineering,  is  subjected  to  pro¬ 
found  analysis  in  the  book.  The  author  exposed  the  defects  • 
and  errors  iri  the  theoretical  substantiation  of  the  method, 
clarified  the  essence  of  the  "elementary  circuit"  develop¬ 
ed  by  Kron  and  traced  those  difficulties  which  arise  when 
the' method  is  used  for  analysis  of  electrical  circuits. 

The  perfectly  correct  conclusion  that  "application  of  the 
Kron  method  does  not  give  any  kind  of  advantage  in  the 
practice  of  electrical  circuit  analysis,  even  in  compari¬ 
son  with  elementary  methods,"  is  given  in  the  book. 

The  bibliography  has  323  titles,  including  1?8 
Russian  sources.  Here  we  find  all  that  is  most  essential 
relating  to  the  subject  matter..  The  bibliographical  fullness 
and  the  considerable  number  of  references  make  it  possible 
to  consider  the  book  being  reviewed  as  a  work  which  summar¬ 
izes  a  whole  stage  in  the  development  of  the  linear  theory  ~l 
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of  electrical  circuits. 


i 


The  book  is  carefully  styled,  written  distinctly 
and  clearly  and  well  constructed  in  a  methodical  sense. - 
In  the  work  are  a  number  of  errors  and  misprints. 


The  reiterating  misprints  in  the  examples  on  pages  97  and 
98  and  also  103  end  104  are  especially  unpleasant.  In  the 
formulas  (2l6) 9 (2l8)  and  (219)  the  upper  Indices  a  and  to 
should  change  places  and, moreover,  the  second  sign  of  the 
sum  is  ommitted  in  formulas  (218)  and  (219).  The  multi” 
plier  ijt;;has  been  ommitted  In  formula  (222),  In  Fig. 

124, b,  the  direction  of  current  I \  should  be  changed  to 
the  reverse  and  the  sign  changed  before  I2  In  the  third 
equation  on  page  282,  There  are  a  number  of  misprints  in 
the  intermediate  transformations  which  although  they  do 
not  affect  the  final  result,  make  reading  difficult. 

On  the.  whole  the  monograph  reviewed  is  a  valuable 
contribution  to  the  theory  of  electrical  circuits.  The 
methods  developed  toy  the  author  enlarge  considerably  the 
possibilities  of  analysis  of  electrical  circuits,  espec¬ 
ially  circuits  with  electronic  tubes  and  semiconductor 
triodea.  The  book  contains  many  valuable  ideas  which  can 
serve  as  the  basis  of  further  Investigations  in  this  field 

Although  the  book  in  character  is  not  a  textbook, 

many  of  the  findings,  especially  the  practical  methods,  of 
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analysis  of  elec tonic  circuits,  merit  being  communicated 
to  students  of  senior  courses  and  graduate  students  of 
electrical  and  radio  engineering  specialties.  Undoubtedly 
the  book  will  prove  interesting  and.  useful  to  research 
associates,  teachers  and  well  trained  engineers. 

Received  by  the  editors  16  July  1959. 

Prof.  Doctor  of  Tech.Soien.  Yu. T. Velichko. 
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Fo re l&n  Inferroat Ion 
#  15 

Work  in  Training?  Methods  and  Sclentiflc,..Hesearch 
at  the  Eastern  Chinese  Pedagogical  JJniverMM 
( Pby sics  Fa  cu X t  y } 

The  Eastern  Chinese  Pedagogical  University  was  organ¬ 
ized  in  1951  from  several  higher  schools  of  Shanghai  for 
the  purpose  of  training  secondary  school  teachers.  In  the 
physics  faculty  then  were  only  7  teachers  ana  stuoencs* 
Now  npwa.rda  of  3000  students,  including  more  than  [00  in 
the  physics  faculty,  are  being'  trained  in  the  university's 
ten  faculties.  Soviet  specialists  who  worked  in  our  uni¬ 
versity  gave  us  substantial  assistance. 

A  course  of  radio  engineering  in  conjunction  with 
the  electrical  engineering  course  was  introduced  in  the 
faculty  in  195?.  The  book  "Course  of  Electrical  and  Radio 

Engineering"  by  Prof.  N.If.K&lov,  of  ho  scow  Teachers  Coo.  lege, 

lecture 

served  as  the  textbook.  Later  the  number  o77hours  In  the 
radio  engineering  course  was  increased,  school  appliances 
and  materials  were  created  directly  in  the  faculty  and 
the  radio  engineering  course  became  an  independent  branch 

of  study. 

+• 
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j.  In  the  new  study  program  127  hours  have  been 

allotted  to  the  lectures  of  the  radio  engineering  course, 
which  exceeds  the  1955  study  program  by  50  percent. 

Such  a.  substantial  increase  in  the  radio  engineer¬ 
ing  course  hours  was  caused  by  the  circumstance  that  in 
practice  we  had  become  convinced  of  the  great  importance 
radio  engineering  has  in  the  development  of  modern  science 
and  engineering,  which  is  especially  important  for  us  now 
when  our  country  has  adopted  the  course  of  manifold  deve¬ 
lopment  of  scientific  research  wort  at  the  time  of  the 
'  big  leap  in  1958. 

Such  branches  of  study  as  television,  pulse  technics, 
technology  and  electrotechnics  of  super  high  frequencies, 
semiconductor  devices  have  been  introduced  in  our  new  study 
program.  The  sections  on  measurement  devices,  and  also  com¬ 
puters  and  circuits,  have  also  been  expanded. 

In  the  laboratory  studies  in  physics,  work  in  elec¬ 
tronics  has  been  separately  organized,  new  laboratory  stu¬ 
dies  are  being  conducted  in  micro waves,  pulse  techniees 
and  so  forth. 

Owing  to  participation  in  MIR  (  apparently  scientific 
research  work)  the  students  acquire  sufficiently  practical 
skills,  which  made  it  possible  for  us  to  omit  including 

in  the  schedule  training  exercises  of  the  course  in  applied^} 
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radio  engineering.  Apart  from  the  compulsory  program 


labo  r a to rv  s  tuct 1 e  s 


students  must  perform  in depen 


dentiy  one-  work  on  a  chosen  theme. 

In  the  faculty  a  series  of  training  method  measures 
is  .put-  through,  among  which  the  following  should  be  strea- 


(a)  the  collective  reading  of  courses  and  conducting; 

consultations  by  several  teachers  (  each  teacher  gives  se¬ 
parate  sections  of  the  course  and  prepares  lectures  joint¬ 
ly  with  other  teachers),  . 

(b)  The  organization  of  excursions  making  it  possible 
to  combine  training  with  production,  theory  with  practice. 

In  particular,  excursions  were  organized  to  the  radio  broad¬ 
casting  system,  the  radio  center  of  long-distance  communi¬ 
cation,  a  radio  factory  that  produces  receiver  sets,  a 
radio  parts  factory .  Exhibits  of  electronic  devices  and 
radio  parts  were  organized  by  teachers  and  students  in  the 


faculty. 

(c)  The  course  lectures  are  accompanied  by  the  dem¬ 
onstration  of  visual  alds(  radio  devices,  radio  parts  and 
so  forth). 

(d )  The  wide  introduction  of  student  production  . 
practice.  After  completing  the  course  all  the  students  work 

during  a  month  at  a  radio  factory.  Our  experience  shows 
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that  production  practice  is  the  best  method  of  overcoming  | 
the  gap  between  theory  and  practice. 

From  September  through  December  1 958  all  students 
of  course  one  went  through  production  practice  at  a  factory 
and  now  by  their  own  hands  are  making  many  complex  devices 
produced  toy  the  factory. 

(e)  Obligatory  participation  of  students  in  scionti.fi 
research  work  for  enhancing  knowledge  and  gaining  practical 


skills 


’he  primary  direction  of  our  scientific-research 


studies  is  the  technics  of  microwaves.  At  the  present  time 
we  are  conducting  the  following  studies; 

(a.}  making  an  exx^erimental  linear  accelerator  for 
k  «  K)6  electron  volte,  the  start  of  which  is  planned  for 
the  end  of  1953. 

(b)  making  a  microwave  device  for  measurement  of' 
distance. 

(c)  a  testing  unit  has  been  created  with  a  round 
8  mm  waveguide  200  m  long  and  certain  essential  measuring 
devices  for  studying  the  problem  of  investigating  the  pro¬ 
pagation  of  Hot  wave  at  long  distances  in  a  waveguide;  the 
unit  with  the  round  8  mm  waveguide  200  m  long  has  already 
been  created. 

(d)  the  design  of  electronic  tubes  for  microwaves, 


In  particular  of  the  lighthouse  type  and  klystrons,  -| 

(e)  an  experimental  investigation  in  radiospectro¬ 
scopy  in  microwaves  is  planned, 

(f)  object  lea eon e  in  television  and  remote  control 
models  of  aircraft , etc, are  being  made. 

a/  J 

The  principle  for  selection  of  scientific  research 
themes  is  based  on  combination  of  production  with  study. 

In  the  organization  of  research  studies  the  work  of  students 
is  coordinated  with  the  work  of  teachers.  In  each  scientific 
research  theme  a  group  is  organized,  in  which  teachers,, 
students  and  technical,  personnel  participate.  The  scientific 
research  work  of  our  school  is  conducted  in  collaboration 
with  the  Shanghai  Institute  of  Electronics,  Academy  of 
Sciences  of  the  Chinese'  Peoples  Republic,  with  designing 
and  scientific  research  institutes,  factories  and  so  forth, 
Soviet  specialists  gave  us  great  assistance  in  the  conduct¬ 
or  scientific  research  work.  Thus,  Yu. K.Kaznacheyev  deliv¬ 
ered  a  report  to  us  on  "‘Distant  Propagation  of  HA,  Type 
Wave  in  a  Waveguide,"  N.T.Scva,  lecturer  of  the  Kiev  poly¬ 
technics!  Institute,  gave  a  report  on  "Ways  of  Developing 
the  Technics  of  Super  High  Frequencies", "Super  High  Fre¬ 
quency  Antennas","  Measurement  of  Low  Powers"  and  so  forth. 

Both  in  training  methods  and  in  scientific  research 
work  we  receive  great  help  from  our  true  and  reliable 


+ 


j- friend  -  the  Soviet  Union,  We  use  a  number  of  textbooks  ^ 
translated  from  the  Russian  language.  In  the  laboratories 
of  the  university  there  are  many  devices  received  from  our 
Soviet  friends,  We  know  that  the  Soviet  Union  is  a  worthy 
example  for  un,  from  whom  we  must  learn  and,  following  in 
the  path  broken  by  USSR,  we  sec  our  bright  and  splendid 
future.  The  achievements  of  the  Soviet  Union  in  the  field 


of  science  and  technology  makes  us  sincerely  rejoice  and 
from  the  whole  heart  we  desire  our  soviet  friends  still 
more  successes  in  the  struggle  for  our  common  cause  of 
com  muni  srn , 


Chen  Ye-kue,  Head  of  the  Electronics  Chair  of  the 
Physics  Faculty,  Eastern  Chinese  Pedagogical  Uni¬ 
versity, 

25  Kerch  1959,  city  of  'Shanghai, 


4- 


I 


C3Cs4341-N/RT5 


Chronicle 


£  ]f: 


All-Un ion  Science  Session  Dedicated  to  the 
Centennial  of  the  ;FlrU:,,of^AJ|iPo£01 , 
Inventor  of.  the  Radio  • 


i  An  All-Union  Science  Session  dedicated  to  the  j 

t 

centennial  of  the  birth  of  A. S. Popov,  inventor  of  the  ] 

radio,  was  held  fro®  June  8  to  13  in  the  assembly  hall  j 
of  the  ho scow  State  University  and  the  Central  house  of  j 
the  Soviet.  Army.  It  was  convened  by  the  Scientific- 

1 

Technical  Society  of  Radio  Engineering  and  Electric  j 

|  Communications  imeni  A. S. Popov, . the  Organizational  Com-  • 

5 

mi t tee  for  Conducting  the  Centennial  of  A. S. Popov’s  j 

i 

Birth,  the  State  Committee  on  Radioelectronics  of  the 
'Council  of  Ministers  USSR,  the  Pin  is  try  of  Communications 
USSR,  the  y.  in  is  try  of  Culture  USSR,  the  All-Union  Council 
on  Radio  Physics  and  Radio  Engineering  of  the  Academy  of 
Sciences  USSR . 

Upwards  of  2000  specialists,  participated  in  the 
session’s  transactions.  They  included  representatives  of 
higher  educational  institutions,  scientific  research  est¬ 
ablishments  and  industrial  enterprises,  and  also  the _ 


310 


representatives  of  scientific  technical  societies  of 


Hu.n. 

gary 

$ 

Germ 

an 

JDercocra 

tic 

R< 

3PU 

bli 

®  5 

Po 

Ian 

d  |i 

"  i 

hS.A 

*  J 

! 

Cze 

Chos 

lo 

valtl 

a, 

China  j 

Fran 

c< 

t 

£ttt! 

la 

nd 

and 

Run: 

ania 

■S 

T  h 

e  eh 

air 

man  of 

the 

Ci 

mt 

ral 

a 

dmi 

n  i  s 

tra  t 

ion 

of  tie 

Sci 

enti 

fi 

c  To 

; 

leal  Bo 

ciet 

y 

of 

Ha 

.3 1 

O  Engl 

near 

Ing 

! 

and  1 

\ 

1 

£1  e 

ctri 

c 

Conn: 

:imi 

cations 

i  if.  e 

nl  A 

Cl 

*  a 

Popov 

*  a 

corresp 

lending  j 

*'  t 

mem 

ber¬ 

of 

toe 

:  AC 

adeny  o 

r  o„ 

ienc 

es 

nq 

SR  f 

V. 

T  cr  JS 
J.  #  wJL 

foro 

1 

v »  i 

} 

ope 

ried 

th 

©  B  G 

:SSi 

on. 

•_  - 

j 

At 

the 

fi 

rat.  pie 

nary 

r 

nee 

tin 

JX 

on 

8  June 

the 

gold  ] 

reed 

a.  Is 

ire 

eni 

A .  S 

.Popov 

8  war 

ded 

by 

de 

cis 

ion 

of 

the 

} 

Pro- 

sid 

ium 

of 

the 

:  Ac 

a demy  o 

f  Sc 

ienc 

6  B 

US 

SR 

ver 

e  ce 

■reran 

! 

■nious-  i 

t 

iy 

hand 

ed 

to 

Dr. 

Louis  E 

seen 

(En 

gl  a 

nd 

)  f 

or 

wo  W? 

in 

\ 

the  i 

! 

ere 

atio 

n 

and 

app 

lice tip 

n  of 

the 

at 

.or 

:ic 

sta 

ndar 

■d  of 

1 

*  fre-  i 

quo  hoy  end  to  Doctor  of  Fhysle&l-Pathensatical  Sciences  • 
S.k.Rytov  (USSR)  for  a  series  of  studies  in  the  field 
of  statistical  physics.  ; 

Academician  A . N . Ne sir. ey aho v ,  president  of  the 
s  Academy  of  Sciences  USSR,  warmly  greeted  the  winners  of  j 

the  A. S. Popov  gold  medals  and  handed  them  the  awards  and  j 

{ 

I 

the  associated  diplomas.  j 

t 

s 

At  this  same  session  reports  were  made  by  Acad.  i 

i 

A. N. Shchukin  on  the  effect  fluctuation  noises  have  Ton 
the  accuracy  of  determination  of  coordinates  by  radio- 
technical  methods  and  by .Acad*  V.V.Parin  on  the  application 


of  rsdioeleetromcs  In  cedi  cine  and  biology 


The  session’s  work  proceeded  in  15  sections  in  I 

which  more  than  300  reports  were  made  about  the  findings 

of  scientific  research  and  practical  studies  in  the  field 

of  radio  engineering,  electronics  and  electric  con-muni ca-  j 

i  tions,  carried  out  in  scientific  research  institutions,  j 

industrial  enterprises  and  higher  educational  institutions] 

.  of  Leningrad, Moscow,  Gorky,  Kiev,  Taganrog,  Tomsk,  Novo-  j 

I 

sibirsk,  Odessa,  Rostov,  Kuybys hev  and  many  other  cities  i 

i 

of  the  country*  I 

> 

? 

At  the  theory  of  information  section  32  reports  j 

i 

and  papers  were  communicated.  Of  considerable  Interest  j 
is  the  findings  of  the  study  of  V.I.Slforov  and  L,F.  • 

Borodin  on  the  coding  of  telegrams  with  uniform  correct-  j 

j 

inc  codes.  Worthy  of  note  is  the  groat  scientific  and 
practical  value  of  the  reported  work  which  consisted  in  \ 
the  creation  of  a  method  of  determining  the  economic  • 

i 

| 

effectiveness  of  coded  communication  and  the  creation  j 

j 

of  regular  methods  of  designing  correcting  codes,  appli- 

[  cable  to  the  specific  conditions  of  departmental  commun- 
1 

i cation.  Of  practical  and  theoretical  interest  are  the 
materials  of  Yu. S, Lazin' s  report  on  threshold  signals 
during  incoherent  accumulation  with  exponential  weighted 


function 


The  interesting  and  new  method  of,  analysis  of 
spectrums,  reported  by  V, i'e.Kurav !yev,  should  also  be 
noted.  Set  forth  in  $ « L« Teplov * s  report  f&s  a\general 
method  of  analysis  of  the  noiseproof  feature  of  'fey^tev.s 
vitf:  discrete  signals  during  coherent  and  incoherent 
reception  and  general  principles  wore  formulated  for 
the  design  of  communication  systems  to  realize  maximal 
noiseproof  feature.  The  report  of  B.N.Rltyashev  was  in¬ 
teresting.  and  examined  the  Question  of  the  noiseproof  ' 
feature  of  one  method  of  determining  the  transient  posi¬ 
tion  of  pulses.  The  problem  of  using  light  as  a  channel 
of  information  transmission  was  the  topic  of  the  report 
of  G.  I.Rukrnan  and  G.h.Khaplanov,  a  subject  of  scientific 
and  practical  Importance.  Cf  great  significance  for  pra¬ 
ctice  are  the  findings  of  B.S.T-sybakov  during  investiga¬ 
tion  of  the  problem  of  the  carrying  capacity  of  multi - 
beam  channels  of  communication.  Also  of  interest  is  the 
report  of  L.P. Borodin  devoted  to  the  rate  of  transmitting 
communications  in  symmetrical  channels.  The  reporter’s 
findings  nave  scientific  and  practical  importance.  Kote 
should  be  taken  of  the  novelty  in  the  problem  formula¬ 
tion,  the  usefulness  of  the  findings  in  a  little  explored 
field  of  the  .theory  of  •  systems,  based  on  the  use  of  step- 


by-step  analysis  in  problems,  the  detection  of  tbe 


in  multichannel  systems,  expounded  in  tbe  report  of 
A.Ji.B&sbarinov,  B.S,?leyahraan  and  G-.S,  Tyslyotskiy .  Tbe 
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examined  In  the  interesting:  report  of  A Poly hovskiy. 

i 

At  the  pen era 1  radio  engineering  section  26  reports, 
were  made,  host  lively  ras  the  discussion  of  t/.e  reports:  ] 
Ye.Ye.Zba'bo tin skiy  and  Xu.L.Sverdlov  -  on  mult,  lea  e  cade  i 
frequency  multipliers;  A .  E « Poly  koveli iy  -  on  new  means  of  j 

r 

i 

synchronic  modulation  end  synchronic  detection;  3-.  k  .Utkin  i 
-on  polyhar mon  1  c  conditions  in  self-oscille tors ;  X.Xe. 
Shtevnebl evrer  and  G. S.n.ieezhnikov  -  on  two  and  multi-  * 


gral  method  of  detecting  the  pulse  signal  on  a  noise 
background;  D.k.Vakman  -  on  Calculating  transient  condit-  • 

f 

ions  in  frequency  modulation;  A.L.fel 'dshteyn  and  L.E. 

t 

Xavich  -  on  the  experience  and  prospects  of  cataloging  | 

\ 

f 

I 

of  certain  elements  of  the  super  high  frequency  channel .  j 

At  the  super  high  frequency  ferrite  devices  section j 
1 6  reports  were  made.  Tbe  problems  discussed  at  the  j 

section  meetings  embraced  two  trends,  the  first  of  which  ! 


was  connected  with  tr.e  problem  of  cresting  low-noise  | 

devices  using  ferrites.  The  new  results'  In  this  part  f 

are:  clarification  of  a  series  of  problems  connected  j 

with  the  , theories  and  ways  of  realizing  parametric 
ferrite  amplifiers , of  the  electromagnetic  tyre  (  report  '  { 

of  A.L*Mkafelyan  end  K.Z.Unvartz)  and  rrixers  using  non-  j 

A  '  ..  ^  ; 
linear  phenomena  in  ferrites  (  report  of  A,  i..1.  lastly  an  ; 

^  A\ 

and  V.Y&.  Anton ’yants) ,  elaboration  of  problems  concerning; 

i 

tr.e  theory  of  tr.e  most  promising  ferrite  amplifiers  of  j 

} 

the  magnetostatic  type  {  report  of  A, A. Pistol ’hors  and  : 

j 

S-nJv  Yan’-shen1  and  tr.e  report  of  Ya.A.l-onoeov) ,  olabora-  j 

U  i  '  I 

j  tion  of  the  theory  of  shod  electromagnetic  waves,  genera- 1 

I 

i  ted  by  the  nonlinear  properties  of  the  ferrite  medium  ! 
(report  of  A . V . Gaponov ,  L. A, Ostrovskiy  and  G. I.Preydmah) ,  j 
Tie  second  trend  concerned  linear  waveguide  ferrite  devi¬ 
ces.  Of  most  interest  in  this  part  is  the  theory  of  pheno¬ 
mena  in  the  limit  waveguides  with  ferrites,  indicating  the 
possibility  of  creating  a  rev  type  valve  (  report  of  A.L. 
ivikaelyan  and  A. 1.  .Stolyarov) .  Also  of  interest  is  the 
elaboration  of  a  series  of  questions  concerning  the  theory 
and  calculation  of  resonance  type  valves  {  reports  of  A, 

K. Stolyarov,  h.l.Eovtun  and  M.V ♦ Vambergekiy ) . 

The  main  trend  in  the  work  of  the  electronics  sect- 
I  ion  was  the  problems  connected  with  the  super  high  fre- 


quency  electronic  devices,  A  portion  of  the  reports  heard 
at  the  section  was  devoted  to  the  investigation  of  super- 
high'  frequency  devices  that  are  already  comparatively  well! 
known,  In  other  theoretical  reports  were  discussed  pro-  j 

blems  connected  with  the  creation  of  devices  based  on  ; 

new  principles  (  interaction  of  electrons  with  nonretard-  ! 

i 

ed  waves,  parametric  amplification.,  use  of  gas  discharge 
and  others) . 

The  report  of  I ,K. Bleyvas,  I. I.G-alitsks, I.K.Kal 1 
vin  -and  Ya. 2. Mestechkirh  aroused  great  interest.  The  in¬ 
vestigation  which  the  authors  of  the  report  made  in  the 
electronic  phenomena  In  the  space  of  the  interaction  of  - 
super  high  frequency  devices  by  means  of  an  automatic  de¬ 
vice  for  plotting  trajectories  of  charged  particles  has  I 

i 

great  theoretical  and  practical  importance.  The  exper-  ! 
ience  in  operating  the  automatic  device  showed  that  it  \ 
is  a  valuable  instrument  for  the  investigation  and  develop-j 


ment  of  super  high  frequency  devices.  Also  of  considerable! 

'  i 

interest  is  the  report  of  V'.P, Shestopalov  on  the  disper¬ 
sion  properties  and  spatial  resonance  of  a  helical  wave¬ 
guide  placed  in  a  magne tlc-die}. ectrical  medium.  The 
investigations  made  by  A. I. Tereshchenko  and  V.A.Korobkin 
are  also  actual.  In  them  practical  results  were  obtained 
in  the  creation  of  new. more  effective  forme  of  resonator 
mapne tic  sound  reenrdars.  A1  r tfa y-— in--4hea--r-e-t,i c a  1 


M. I. Kuznetsov,  M.I.Berbasov  and 


interest 'is  the  report  of 
V. Ye. Nechayev,  in  which  were  set  forth  the  findings  of  j 
investigations  directed  to  clarification  of  the  physics  j 

I 

of  fluctuation  processes  in  a  magnetic  sound  recorder. 

The  report  of  I« M.Bl'eyvas,  Ya.I.hestechsin  and 
V , B . Khorai ch  described  the  results  in,  developing  a  small  j 
dimensional  trajectory  for  solving  equations  of  the  j 

travel  of  charged  particles  in  electronic  and  magnetic 

i 

fields.  Considering  the  great  scientific  and  practical  j 

value  of  creating  such  a  universal  instrument  for  raoio  j 

electronics  and  physics  of  charged  particles,  measures  j 

should  be  adopted  for  the  urgent  set  up  of  the  serial  ; 

production  of  the  developed  device.  Of  practical  interest  j 

for  many  fields  of  radio  electronics  is  the  report  of  ! 

A. K. Kharchenko,  G.V.Bykhovska,  M. I.Yelinson  and  D.V.  : 

1 

Zernov  in  which  electronic  contact  tubes  and  certain  j 

possible  circuits  of  their  application  were  examined. 

The  report  of  G.N.Rapoport  was  devoted  to  the  pro-  i 

t 

blem  of  exciting  a  waveguide  by  an  electron  beam  with  ; 

i 

periodically  varying  trajectories.  The  question  examined 
in  the  report  is  extremely  actual  for  new' trends  in  the 
development  of  super  high  frequency  electronic  devices. 

A.  I.  Chillin' s  paper  expounded  material  having 
interest  in  connection-  with  the  need  to  Include  research 


In  lowering  low  frequency  noises  in  the  plans  of  new 
developments  of  electrovacuum  devices. 

•  The  opti cal-radlophy siosl  methods  being  developed 
in  recent  years, as  one  of  the  trends  of  quantum  radio 
engineering ,  are  of  great  scientific  and  technical  Inter 
est.  Especially  promising  is  the  development  of  these 
methods  for  solving  problems  that  arise  in  mastering 
now  shorter-wave  bands  of  the  electromagnetic  spectrum 
of  waves.  These  questions  were  reviewed  in  the  report 
of  G. I .Rukman  and  G.te.Khaplanov. 

The  report  of  V-.A.Afanas *yev  "Prospects  of  Lower¬ 
ing  the  Noise  Factor  S£  Super  High  Frequency  Electronic 
devices’*  aroused  great  attention,  because  the  solution 
of  this  problem  is  extremely  actual  at  present.  The 
method  proposed  in  G. A. 2ey tlenk ’ s  report  for  Calculation 
of  induced  current  is  a  significant  contribution  to  the 
theory  of  the  interaction  of  the  electrical  field  and 
the  electron  stream  in  e.  planar  gap  without  space  charge 
The  report  of  A. V. Gaponov  "Interaction  of  Electro 
magnetic  Waves'  with  a  Non- straightline  Electron  Stream" 
should  be  noted.  The  theoretical  analysis  reported  by 
the  author  is  of  great  interest. 

At  the  television  section  32  reports  devoted  to 
different  problems  of  television  broadcasting  technology 


feed  voltage  of  12  volts.  The  picture  dimension  is 
360  x  270  am. 

At  the  radio  wave  propagation,  section  we*e  given 
26  reports  devoted  to  a  number  0?  important  trends  in 
modern  investigations  of  radio  wave  propagation.  To  the 
first  group  of  problems  belongs  the  theoretical  and  exper¬ 
imental  investigation. of  tropospheric  propagation.  The  I 
phenomena  of  dispersion,  diffraction,  turbulence,  loss  j 
of  antenna  amplification  and  spaced  reception  in  long-  ; 
distance  tropospheric  propagation  of  ultrashort  waves  I 
j  were  examined  In  a  series  of  reports,  hany  of  the  research! 

!  findings  will  be  of  practical  use  in  the  .designing  and  | 

“  | 

operation  of  ultra  short  wave  lines  of  communication.  The  !. 

j 

second  set  of  problems  embraces  the  theoretical  and  exper- j 
1 mental  study  of  nonuniformities  in  the  ionosphere  and 
their  effects  on  wave  propagation.  The  study  of  the  fine  i 

structure  of  the  ionosphere, made  in  the  reports  ready  has  j 

1 
i 

practical  importance  for  the  operation  of  modern  iono-  I 

j 

spheric  lines  of  communication.  In  a  third  group  of  probl-  j 

I 

ems  enter  multichannel  radio  communication  and  long-dis-  j 

1 

tance  (  and  super  long-distance)  reception  of  television 
signals. 

At  the  section  was  given  the  report  of  W.S.Halst-ed 
(USA)  devoted  to  modern  complex  systems  of  combined 


long  distance  communication  with  use  of  tropospheric  pro¬ 
pagation  of  ultra  short  waves.  The  reporter  dwelt  both  on  '! 
existing  lines  of  multichannel  radio  and  television  eon;-  j 
nmnie&tion  as  well  as  on  future  prospects  of  the  develop- j 

t 

merit  of  radio  'comtsuhlca tion  between  the  U.S.A.  and  j 

;  ■  i 

■  i 

Europe,  | 

:  The  radio  receiving  devices  section  heard  eight 
reports  which  were  devoted  toi(a)  synthesis  and  calcula-  | 

■■  ,  ■  i 

tion  of  amplifying  systems; (2)  methods  of  radio  reception f- 

' .  '  1 

circuits  and  parameters  of  radio  receivers.  The  paper  of  j 

\ 

V . I . Shasher in  aroused  great  interest.  It  brought  clarity  j 

I 

| 

to  the  problem  of  the  conditions  producing  the  optimal  | 
characteristics  of  multi cascade  wide  band  amplifiers.  ; 

Very  valuable  and  original  material  was  set  forth  in  ! 

the  report  of  G. I, Levitan  and  0. 1. VostyakOv  or;  filters  ; 
with  artificial  compensation  of  losses  and  electrical  I 
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suppression  of  pulse  noises  (  report  of  Yu. N. Babanov } ; 
a  method  of  calculating  the  detector  head  of  super  nigh 


frequency  receivers  was  presented  (  report  of  V.V.Hagozln 
very  valuable  data  on  the  selectivity  of  ultrashort  wave  ' 
receivers,  for  developing  broadcast  receivers  and  for  j 
designing  broadcast  networks  was  communicated  (  report  | 

i 

of  V, I, Savitskiy),  i 

l 

At  the  electronic  cortipister  technology  section  j 

reports  were  given.  Questions  of  using  semiconductors 

in  computer  devices  were  touched  upon  in  a  number  of  rep-  | 

1 

t 

orte.  A  portion  of  the  papers  was  devoted  to  the  a.pplica-  ; 

-i 

i 

ti on  of  ferrite  elements  in  computer  devices  and'ttreir 
reliability.  In  other  reports,  the  prospects  of  high  j 

speed  circuits  in  magnetic  elements  were  examined.  Report  sj 

i 

i 

were  heard  derated  to  new  developments  of  memory  devices  i 

i 

in  magnetic  elements  and  special  electron-beam  tubes, 

Reports  heard  with  great  interest  were;  V.I.Gevor-  > 
fcy&n  "Dynamic  Trigger  in  Semiconductor  Triode",  A. Yu.Gord-] 
onov,  f e . B . Gel 1 d ahtik ,  Ye. I.Zorkov,  V.A.Kalikhman  and 
G.V.K&tolikcv  "Special  Elements  of  Digital  Computers  in  i 
Semiconductor  Devices",  L.N.Patrikeyev,  T. K.Agakhsnyan  and 


y . S. Belov  and  o titers 


IIC 


t  of  Semiconductor  Elements  and 


Units  of  a  Digital  Computer".  Described  in  the  report  of 
K.V. Korol 'kov  and  V.S. Gavrilov  were  magnetic  elements  of 
the  choke  type,  operating  in  frequency  cycles  of  a  hyster¬ 


esis  loop,  which  create  new  possibilities  for  Increasing 


1 


auto-anode  modulation,  that  is  --ore  convenient  and  adapted 
for  mimeses  of  analysis  and  designing,  was  sot  i  or  to  in  ? 

t 

i 

the  report  of  Yu.  V. Bogoslovskiy ,  | 

t 

The  theory  developed  in  the  paper  of  Ye.P.Korchag-  j 

i 

ina,'!On  the  Stability  of  Stationary  Conditions  of  a  Gener-nj- 
tor  with  Circuit  between  /mode  and  Grid",  makes  it  possib-j 

5 

le  to  explain  a  number  of  phenomena  which  are  oeaervea  in  j 

| 

practice  and  rave  not  previ ous  xy  found  s  sa t i b i a, c c \j x  v 

I 

explanation.  The  considerable  interest  should  r<e  no  t  w o  < 

in  the  report  of  S* I. Yevtyanov, "Two-cycle  Frequency  j 

Dividers’1,  in  which  ms  proposed  a  new  class  of  circuits  ; 

► 

for  freouency  division,  and  the  findings  of  their  theor-  j 
.  etical  and  experimental  investigation  were  also  cited. 

1 

j 

j 

tit  the  concluding  plenary  meeting,  corresponding  • 
member  of  the  Academy  of  Sciences  USSR  V.I.Siforov  j 

fir»oke.  devotln«  nis  address  to  the  theory  of  radio.  j 

communication  channels  with  random  variable  parameters.  j 

i 

C  o  v  v  6  s  p  o  n c  1  n §*  in  o  nib  0 1 1  0  x  1 1  j  0  a  c  s.  d  6ir»  y  o  *f  c  i  ©  n  0  0  s  j 

'USSR  A, A. Pistol  ’kors  reported  on  the  problem  of  the  } 

i  f 

i  synthesis  of  antennas. 

y 

Doctor  of  technical  sciences  A.L.Kikafelyan  exam- 

A 

ined  problems  of  the  nonlinear  theory  of  a  ferrite  gener¬ 
ator  which  makes  it  possible  to  not  only  establish  tire _ 


J 


_ _ _  .  .  ,  r  -,  nt-r  ^  tll  m+~*ml***"  -*rr-— >r— Vi  -,if i - rr- m-rr-r— - - - 

conditions  of  the  excitation  of  parametric  oscillations 
but  also  to  calculate  the  amplitude  of  the  oscillations  irj 
the  stead  y-  state  .  cond  i  t ion  s , 

In  the  report  of  Doctor  of  physi coma theaati cal 
sciences  E, I. Adirov'ich  were  examined  the  reactive  pro-  ■ 
perties  of  transistors  that,  determine  the  junction  and 
f requency-phase  dependencies  which  are  defined  by  the 
relaxation  processes  taking  place  in  the  p«n  junctions 
and  in  the  areas  of  quasineutrality. 

The  representatives  of  the  scientific  technical 

! 

public  of  foreign  lands  delivered  greetings  to  the  com-  : 

'*  I 

ference,  stressing  the  importance  of  the  session  held  j 

in  the  cause  of  strengthening  and  expanding  the  scientific? 

;  ! 

technical  ties  of  Soviet  scientists  and  engineers  with  ! 

tne  specialists  of  foreign  lands. 

Engineer  L.G. Stolyarov- 
Received  by  the  editors  ?  July  1959. 


Peasants’  Red  Fleet,  he  joined  its  staff  after  demobili¬ 
zation  in  1922  and  took  an  active  part  in  the  develop¬ 
ment  of  standard  low  power  radiotelephone  transmitter's, 

1  arise  sources  of  power  supply  and  the  powerful  radio  tele 


I  phone  station  in  the  city  of  Moscow  (  the  radio  station  j 
\  I 

I  imeni  Korn in tern ) .  Working  at  the  K i 2 hegorod skay a  labors-  t 


..Jt 


shev  began  a  cycle  of  investigations  of  powerful  trans¬ 
mitters  of  ultra short  waves,  which  he  later  proposed  in 
Leningrad  and  then  in  Moscow.  In  consequence  of  these 
studies,  the  effect  of  reactive  circuit  elements  on  the 
operation  of  a  super  high  frequency  self-oscillator  was 
clarified  for  the  first  time  and  the  production  of  the 
large  powers  of  super  high  frequency  oscillations  in 
demountable  tubes  was  practically  mastered.  These  re¬ 
sults  were  utilized  in  radio  location  technique  and  in 
the  hardening  of  large  steel  work-pieces  by  super  high 
frequency  oscillations.  During  the  forty-year  period 
of  his  career  in  science,  Prof .A.M.Kuguehev  has  written • 
about  a  hundred  published  works,  the  major  part  of  which 
relate  to  the  technology  of  super  high  frequencies.  For 
many  years  the  director  of  the  transmitting  devices  lab¬ 
oratory  or  a  scientific  research  institute  and  the  radio 
engineering  faculty  head  at  the  Higher  Technical  College 
imeni  BaamSHyAvM,  Kugushev  also  participates  largely  in 
public  life.  For  several  years  already  he  is  the  chair¬ 
man  of  the  Moscow  Oblast  administration  of  the  All-Union 
Scientific  Technical  Society  of  Radio  Engineering  and 
Electric  Communications  imeni  A. S. Popov,  an  active  member 
and  chairman  of  one  of  the  sections  of  the  All-Union 
Society  for  Dissemination  of  Political  and  Scientific 


Knowledge,  a  member  of  several  science  councils. 

The  Government  of  USSR  has  repeatedly  ackno 
the  services  of  Professor  11 ek sender  Mikhaylovich 
srev  in  the  development  of  Soviet  radio  electronic 
having  awarded  him  a  number  of  orders  end  medals. 


lecturer  L,A. Lyubimov 
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